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PREFACE  TO  THE  FIRST  EDITION. 


Within  the  last  qaarter  of  a  century  the  rudiments  of  I 
education  have  been  attained  by  a  vast  body  of  the  people ; 
these  tools  of  knowledge,  being  therefore  at  their  command, 
should  be  employed  in  rearing  up  that  mental  edifice, 
perishable  only  with  life,  which  ennobles  the  possessor,  Emd 
by  its  utihty  gives  worid-nide  fame  to  a  eommmiity. 

Science  was  for  a  long  period  clad  Ju  antiquated  and 
technical  phraseology,  causing  it  to  be  difficult  and  repul- 
sive to  tiie  popular  mind,  and  rcquiiing  for  its  attainment 
a  greater  degree  of  preparatory  study  than  vfas  within 
the  power  of  many  to  obtain.  Thus  the  beauty  and  sim- 
plicity of  the  laws  of  nature  remained  a  sealed  book  to  the 
majority  of  readers ;  and  the  writers  on  the  subject  bad  to 
charge  a  high  price  for  their  woi^s  in  consequence  o 
limited  demand  for  them. 

Some  years  ago  Dr.  Arnott  issued  his  able  work  '  That 
Elements  of  Physics;'  in  which  almost  all  difficult  aad' 
learoed  terras  were  discarded,  and  the  sciences  unfolded  in 
afl,  the  beautiful  simplicity  of  their  nature,  adorned;  only  by 
poetic  language  called  forth  by  the  sublimity  of  tlie  aub- 
JBCt.  This  work  has  been  long  out  of  print;  while  its 
I  price  rendered  it  accessible  only  to  the  few.  Since 
a2 


I 
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its  publication,  science  has  made  gigantic  stndes,  and 
every  day  reveals  aome  new  wonder  or  important  appli- 
catioD. 

We  have  ventured  on  the  same  path  as  the  learned 
Doctor,  with  the  advantage  of  having  had  him  for  a  pre- 
decesBOFj  and  trust  we  have  produced  a  usefcd  work.  In 
pursuance  of  this  object,  every  pains  baa  been  taken  to 
give  such  illustrations  as  may  enable  the  eye  to  convey 
to  the  mind  what  would  else  he  difficult  of  comprehension. 

It  will  be  seen  that  the  subjects  of  Natural  Philo- 
sophy are  often  as  intensely  exciting  as.  a  powerfully- 
drawn  romance ;  with  this  difference,  that  the  passions  are 
not  wrought  upon,  but  the  "moral  feelings  aroused,  the 
pleasure  of  hfe  increased,  and  our  revei-ence,  awe,  and  love 
of  the  Creator  deepened  by  a  knowledge  of  the  phenomena 
with  which  nature  surrounds  us.  The  Prince  Consort,  in 
a  recent  address,  has  given  au  epitome  of  the  utility  and 
importance  of  Natural  Philosophy.  "  Man,"  observes  the 
noble  and  enlightened  Prince,  "is  approaching  a  more 
complete  fulfilment  of  that  great  and  sacred  mission  which 
he  has  to  perform  in  this  world.  Hia  reason  being  created 
after  the  image  of  God,  he  has  to  use  it  to  discover  the 
laws  by  which  the  Almighty  governs  his  creation,  and  by 
making  these  laws  his  standard  of  action,  to  conquer 
Nature  to  his  use^himself  a  Divine  instrument.  Science 
discovers  these  laws  of  power,  motion,  and  transformation; 
industry  applies  them  to  the  raw  material  which  the 
earth  yields  us  in  abundance,  but  which  becomes  valuable 
only  by  knowledge." 

To  aid  the  jirogresa  of  our  countrymen  to  the  highest 
mental  condition,  to  fertilise  the  seeds  of  genius,  to  pro- 
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;  sound  education,  to  give  that  elevating  tone  to  thtt'l 
Ipalar  mind  so  productive  of  happiness,  to  implant  a  love 
!(  knowledge  in  the  rising  generation,  and  a  full  apprecia- 
i  of  the  wonders  of  the  worlta  of  God,  has  been  the 
Bfiire  and  the  aim  of 

JABEZ  HOGG. 
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t  is  unnecessary  to  say  more  about  the  plan  and  purportf' 
■of  this  Elementary  Treatise,  the  sale  of  an  edition  of  ten 
thousand  copies  having  made  it  well  known,  and  given  suffi- 
cient evidence  of  public  approval ;  it  will  suffice  therefore 
if  I  briefly  state  in  what  thia  Second  Edition  differs  from 
the  former. 

In  the  first  place,  it  has  been  deemed  advisable  by  my 
publisher  to  change  the  form  and  size,  and  thus  make  it 
uniform  with  the  many  valuable  works  he  has  issued  to  the 
j^abhc  from  time  to  time,  and  which  enjoy  a  world-wide 
Iputation:  in  so  doing  lie  has  added  considerably  to 
!  number  of  pages,  and  inserted  numerous  new  en- 
Besides  this,  the  whole  of  the  text  has  received 
rcful  revision,  and  much  new  matter  has  been  every- 
B  incorporated,  with  the  view  of  bringing  the  present 
ic  knowledge  and  discoveries  of  t 
'  it  more  acceptable  to  the  student  a 


B  pubhc. 
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If  wo  examine  the  mere  signification  of  llie  two  words 
NATuau.  PEinoaoPHT,  we  fiail  that  natural  meuna  something 
that  ia  prodnced  by  nature ;  and  philosophy,  from  the  Greek, 
is  literally  "  love  of  wisdom  or  inowledge."  Thus,  then,  the 
words  imply  love  of  a  kaowlodg'e  of  the  productions  of  nature 
or  God.  Knowledge,  in  its  true  sense,  is  an  accumulation  o£ 
tacts ;  these  man  carefully  colloots,  and  reasoning  thereupon, 
is  capable  of  penetrating  many  of  the  secret  workings  of  nature, 
and  turning  audi  acquisition  to  Jiis  peculiar  advantage.  Ka- 
tural  Philosophy  ia  n^o  termed  ftrrsics;  that  is,  a  study  of 
natnre  by  means  of  the  strictest  modes  of  investigation  the 
inieileet  of  man  baa  at  command. 

Man  eannotlarm  any  of  tho  materials  of  nature,;  but  by  a 
wwledge  cf  their  properties  he  may  shape  tiem  to  his  own 
!,  which  is  Bailed  Art.  He  must  hove  studied  the  pocnliar 
ility  of  iron-stone  bofiMc  ha  knew  the  treasure  it  contained ; 
e  efiect  of  heat  upon  it  he  must  have  tried  before  he  could 
rioate  the  Toogh  chisel  to  remd  &om  the  quany  and  fashion 
«  stone  under  which  Jjo  found  shelter.  The  iron  and  stone 
i  the  productionB  of  nature;  the  chisel,  the  form  of  the 
me,  and  t^e  house,  are  the  efforts  of  art. 
I  AVide  is  the  scope  of  Natural  flulosophy.  It  leads  to  an 
intance  with  the  laws  that  keep  the  planets  in  their 
loviating  path ;  it  treats  of  the  phenomena  of  the  earth, 
e  air,  and  the  ocean ;  of  the  simple  principles  of  mcDhaniam 
1  employs;  of  tho  fallijig  of  the  silent  dew  or  the 
diing  of  the  roaring  cataract ;  of  the  heat  of  summer  and 
t  frost  of  winter;  of  the  lephj-r-breeie  or  the  destructive 
"a;  of  the  swimming  of  fiahes  or  tlio  fljTng  of  birds;  ^  i 
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e  ripplo  of  the  placid  Inko  or  the  mount^n  waves  of  tlio 
;  of  the  gruce,  motion,  and  powers  of  the  human  form  : 
of  the  mechanism  of  the  voice,  the  ear,  and  the  eye. 

By  an  acqudntaace  with  ita  first  principles — the  emhelliBh- 
ments  of  a  palace,  the  necessities  of  a  cottage,  the  swinging  of 
e,  carriage,  and  the  management  of  a  dray,  are  all  batter 
wscompliahed.  The  elasticity  of  air  and  steam,  that  drives 
tie  vesael  desjiite  of  tide  or  wind,  or  eenda  tons  of  merehandine 
with  Burpiising  velocity  to  the  estremes  of  a  kingdom,  are  by 
ita  teaching  comprehended.  Knowing  the  cause  of  the  awful 
Toice  of  thunder,  of  the  terrific  destruction  of  lightning,  anil 
•rf  the  peaceful  beauties  of  the  rainbow,  much  ignorant  teaching 
is  dispelled.  Man  has  so  adyanoed  in  his  comprehension  of 
nature,  that  he  chains  one  of  the  most  fearful  elements  to  his 
HBO,  which  he  guides  and  directs  as  if  it  wero  possessed  of  the 
feebleness  of  a  helpless  babe ;  with  it  ho  sends  his  thoughts 
with  a  speed  surpassing  the  rapid  flight  of  time.  Ko  one  can 
feel  but  abashed  at  not  understanding  the  simple  principles 
Ihat  produce  such  seemingly  miraculous  effects. 

It  is  the  duty  of  the  natural  philosopher,  and  the  student 
in  phjsics,  to  ascertain  the  nature  and  causes  of  the  mysto- 
rious  phenomena  by  which  we  are  surrounded.  Ultimate 
causes  are  certainly  beyond  our  powers  of  analysis ;  we  may 
approximate  to  a  knowledge  of  some  of  them,  hut  we  cannot 
ascertain  their  nature,  or  the  actual  extent  of  their  influence. 
Nearly  all  the  appearances  in  nature  may  be  resolved  into  the 
production  of  motion  ;  and  we  arc  able  to  ascertain  its  laws, 
"but  cannot  discover  its  origin. 

The  most  important  progress  in  Natural  Philosophy  by 
'  Thicb  the  present  century  is  distinguished,  has  been  the  dis- 
ooverj-  of  a  general  law  which  embraces  and  rules  all  the 
various  branches  of  physics  and  chcmistiy.  This  law  is  of  as 
much  importance  for  the  highest  speculations  on  the  nature  of 
■foroes,  as  for  immediate  and  practical  questions  in  tho  con- 
■rtruction  of  machiues.     This  law  is  now  kno\Tn  by  tho  name 
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"  the  principle  of  conservation  of  force."     It  might  btf  * 
perhaps  to  call  it,  with  Mr.  Eankine,  "  the  conaeiration 

enei^,"  becauae  it  does  not  relate  to  that  which  we  call 
loaly  intensity  of  force.  It  does  not  mean  that  the 
"ty  of  the  natural  force  is  constant ;  but  it  relates  more 
to  the  whole  amount  of  power  which  can  be  gained  by  any 
natural  process,  and  by  which  a  certain  amount  of  work  can 
be  done.  For  example ;  if  wo  apply  thia  law  to  gravity,  it 
does  not  mean,  what  is  strictly  and  undoubtedly  true,  that  the 
intensity  of  the  gravity  of  any  given  body  is  the  same  aa  often 
as  the  body  is  brought  hack  to  the  samo  distance  from  the 
centre  of  the  earth.  Or  with  regard  to  the  other  elementaiy  J 
forces  of  nature,  chemical  force :  when  two  chemical  olemente-B 
come  together,  so  that  they  influence  each  other  either  from  a^ 
distance  or  by  immediate  contact,  thoy  will  always  esort  the 
samo  force  upon  each  other — tho  same  force  both  in  intensity, 
and  in  itt)  direction,  and  in  its  quantity.  This  other  law,  indeed, 
ia  txTie ;  but  it  is  not  the  same  as  the  principle  of  conservation 
of  force.  We  may  express  the  meaning  of  the  law  of  conser- 
vation  of  force  by  saying,  that  every  force  of  nature,  when  it 
effects  any  alteration,  loses  and  exhausts  its  faculty  to  effect 
the  Bame  alteration  a  second  time,  But  while,  by  every 
alteration  in  nature,  that  force  which  has  been  tho  cause  of 
this  alteration  is  exhausted,  there   is    always  another  force 

ich  gains  as  much  power  of  prodncing  aaw  alterations  in 
BS  tho  first  has  lost.  Although,  therefore,  it  is  the 
of  all  inorganic  forces  to  become  oxhaustod  by  their 
own  working,  the  power  of  the  whole  system  in  which  these 
Blterations  take  place,  ia  neither  exhausted  nor  increased  itt 
quantity,  hut  only  changed  in  form.  Some  special  examples 
will  enable  ns  better  to  understand  this  law  than  any  general 
theories.  To  begin  with  gravity, — that  moat  general  force, 
which  not  only  exerts  its  influence  over  tho  whole  universe, 
which  at  the  same  time  supplies  the  motive  power  to  a 
large   number   of  our   machines.     Clocks    and  smaller 
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maoiunos  oro  gonerolly  aet  in  motion  by  a  weight. 

llythe  cnsD  with  WBtcT-miHs.  Wa1«r-mt!l«  e 
by  falling  water,  aad  it  is  the  gravity,  tlio  weight  of  the  falling 
wntor,  which  moves  the  mill.  Now  by  wator-mille,  or  by  a 
-.foiling  weight,  any  machine  can  he  put  in  motion ;  anil  by 
.such  motive  power  evoiy  sort  of  work  con  be  done  which  can 
iie  docB  at  all  by  any  machine.  Therefore  the  weight  of  a 
heavy  body,  eithor  solid  or  &mA,  which  deeeends  &om  a  higher 
place  to  a  lower  place  is  a  motive  power,  and  can  do  every 
sort  of  mechanical  work.  Bat  if  the  weight  has  fallen  dovni 
to  lie  earth,  then  it  has  ■the  same  aTnount  of  gravity,  the  same 
intensity  of  gravity ;  and  its  power  to  move,  its  power  to  worfe, 
ifi  exhausted ;  it  must  become  ^ain  raised  before  it  can  woric 
anew.  In  this  sense,  therefore,  the  faculty  of  producing  a 
new  work  is  exhausted — is  lost;  and  this  holds  true  of  every 
power  of  nature,  when  this  power  has  once  produced  altera- 
tion. 

Hence  therefore  the  faculty  of  producing  work,  of  doing 
■work,  does  not  depend  upon  the  intensity  of  gravity.  The 
intensity  of  gravity  may  be  the  same,  the  weight  may  be  in  a 
higher  position  or  in  a  lower  position,  but  the  power  to  work 
may  bo  quite  different.  The  power  of  a  weight  to  work,  or 
the  amount  of  work  which  can  bo  produced  by  a  weight,  is 
mcHaiired  by  the  product  of  the  height  to  which  it  is  raised, 
and  the  weight  itaelf.  Therefore  our  common  measure  is 
faot-pound,  that  is,  the  product  of  the  number  of  feet  and  the 
number  of  pounds.  Again,  wo  can  by  the  force  of  a  falling 
weight  raise  another  weight ;  as,  for  example,  the  falling 
water  in  a  Trater-mill  may  raise  the  weight  of  a  liammer. 
Hiercfore  it  can  be  shown  that  tho  work  of  the  raised  hammer, 
expressed  in  foot-pounds,  that  is,  tho  weight  of  the  hammer 
multiplied  by  tho  height  expressed  in  feet  to  which  it  is  rmsed, 
— that  this  amoimt  of  work  cannot  be  greater  than  the  pro- 
duct of  the  weight  of  water  which  is  falling  down,  and  the 
height  Irom  wbioh  it  fell  down.     "We  bave  yet  another  fontj 


jnechaaical  motive  power,  that  is,  vilooittj.     The  Telocity  rt 

Y  body  in  this  sense,  if  it  ia  prodnchi  j  work,  is  oalleJ  wr 

r  the  living  force,  of  that  body.     Taho  a  rifle  ball  an  an 

mple.     When  shot  off  it  fte-qnirea  groot  velocity,  and  has 

mrnee  deHtractive  power;  as  soon  as  it  has  loat  its  velocity, 

'it  \B  DUeo  more  n  harmless  tiling.     The  great  power  it  has 

depends  only  on  its  velocity.     In  the  same  sense,  tho  velocity 

of  tho  air,  the  velodly  of  the  wind,  is  a  motive  power;  for  it 

can  drive  whiiiinills,  and  by  tho  machinery  of  the  windmills  it 

can  rto  oveiy  kind  of  meohanicnl  work.     This  provea  to  ns 

that  velocity  in  itself  is  a  motiv*  force. 

'  ITako  a  pendulum  which  swingB  to  and  fro.     K  the  pendulum 

B  raised  to  the  side,  the  wcigbt  is  raised  up ;  it  is  a  little 

^et  than  when  it  hangs  perpendicularly.     Now  if  we  let  it 

d  H  comes  to  its  position  of  equilifarinm,  it  has  gained  a 

n  Telocity.    Therefore,  at  first,  we  had  motive  powor  in 

n  of  a  raised  weight.    If  the  pendulum  comea  a^iji  to 

ition  of  equilibrium,  wo  have  motive  power  in  the  form 

\»  viva,  in  tho  form  of  velocity,  and  then  the  pendulum 

Bflgaiit'ta  tho  other  side,  and  It  ascends  again  till  it  loses 

pTClodtyj  then,  ^ain,  vis  viva  or  velocity  is  changed  into 

n  of  the  weight ;  thus  we  see  in  every  pendulum  that 

er  of  a  raked  weight  can  bo  changed  into  velocity,  and 

7  into  tho  power  of  a  raked  weight.    These  two  are 

int. 

I,  take  the  elasticity  of  a  bout  spring.  It  can  do  work, 
o  machines,  watclios.  The  cross-bow  contains  such 
These  springs  of  the  watch  and  cross-bow  aro  bent 
o  of  tho  human  arm,  and  they  become  in  that  way 
IB  of  mechanical  power.  Tho  meclianicol  power  wliich 
nieated  to  them  by  ttio  forco  of  tho  human  arm, 
J  is  given  out  by  a  watch  during  tho  next  day-  It 
y  degrees  to  overpower  tho  friction  of  the  wheels. 
«9-bow,  the  power  is  spent  suddenly.  K  tho  instrn- 
it  is  shot  off,  the  whole  amount  of  force  which  is  commii- 
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nieated  to  the  spring  is  then  again  communicated  to  the  shaft, 
.and  gives  it  great  power. 

Now  the  elasticity  of  air  can  be  a  motive  power  in  the  same 
-way  as  the  elasticity  of  solid  bodies ;  if  air  is  compressed,  it 
^ean  move  other  bodies :  let  us  take  the  air-gun ;  there  the 
•case  is  the  same  as  with  the  cross-bow.  The  air  is  compressed 
bj  the  force  of  the  human  arm;  it  becomes  a  reservoir  of 
mechanical  power ;  and  if  it  is  shot  off,  the  power  is  com- 
municated to  the  ball  in  the  form  of  vis  viva,  and  the  ball  has 
afterwards  the  same  mechanical  power  as  is  communicated  to 
the  ball  of  a  gun  loaded  with  powder. 

The  elasticity  of  compressed  gases  is  also  the  motive  power 
of  the  mightiest  of  our  engines,  the  steam-engine  ;  but  there 
the  case  is  different.  The  machinery  is  moved  by  the  force  of 
the  compressed  vapours,  but  the  vapours  are  not  compressed 
by  the  force  of  the  human  arm,  as  in  the  case  of  the  compressed 
air-gun :  the  compressed  vapours  are  produced  immediately  in 
the  interior  of  the  boiler  by  the  heat  which  is  communicated 
to  the  boiler  from  the  fuel.  Therefore  in  this  case  the  heat 
•comes  in  the  place  of  the  force  of  the  human  arm,  so  that  we 
learn  by  this  example,  that  heat  is  also  a  motive  power.  This 
part  of  the  subject,  the  equivalence  of  heat  as  a  motive  power, 
with  mechanical  power,  has  been  that  branch  which  has  ex- 
isted the  greatest  interest,  and  has  been  the  subject  of  deep 
research.  It  may  be  considered  as  proved,  that  if  heat  pro- 
daces  mechanical  power,  that  is,  mechanical  work,  a  certain 
amount  of  heat  is  always  last.  On  the  other  hand,  heat  can 
be  also  produced  by  mechanical  power ;  namely,  by  friction 
and  the  concussion  of  unclastic  bodies.  You  can  bring  a  piece 
of  iron  into  a  high  temperature,  so  that  it  becomes  glowing  and 
luminous,  by  only  beating  it  continuously  with  a  hammer. 
Now,  if  mechanical  power  is  produced  by  heat,  we  always  find 
that  a  certain  amount  of  heat  is  lost,  and  this  is  proporticmal 
to  the  quantity  of  mechanical  work  produced  by  that  heat* 
We  measure  mechanical  work  by  foot-pounds,  and  the  amount 


of  beat  we  measure  by  the  quantity  of  lieat  wtioh  is  neeeBSi 
io  raise  the  temperature  of  one  pouad  of  water  hy  one  de 
taking  the  Centigrade  scale.  The  equivalent  of  heat  haa  been 
determined  by  Mr.  Joule,  of  Manchester.  He  found  that  one 
nnit  of  heat,  or  that  quantity  of  heat  which  is  necessary  for 
raising  the  temperature  of  a  pound  of  water  one  degree  Centi- 
grade, is  equivalent  to  the  mechonical  work  by  which  the  game 
tnaas  of  water  is  raised  to  423^  metres,  or  1389  English  feet. 
This,  then,  is  the  mechanical  equivalent  of  heat. 

Hence,  if  we  produce  bo  much  heat  as  is  necessary  for  n 
the  temperature  of  one  pound  of  water  by  one  degree, 
we   must   apply   an   amount   of  mechanical  work   equal 
raimng  one  pound  of  water  1389  Enghsh  feet,  and  lose  it 
gaining  tbat  heat. 

By  these  considerations  it  is  proved  that  heat  cannot  be  it 
ponderable  matter,  hut  thnt  it  must  he  a  motive  power,  boeause 
it  is  converted  into  motion  or  into  mechanical  power,  and  can 
be  either  produced  by  motion  or  mechanical  power.  Now,  in 
tie  steam-engine  wo  find  that  heat  is  the  originator  of  the- 
motive  power,  but  the  heat  is  produced  by  burning  f\n:],  and 
therefore  the  origin  of  the  motive  power  is  to  be  found  in  the 
fuel;  that  is,  in  the  chemical  forces  of  the  fuel,  and 
oxygen  with  which  the  fuel  combines. 

From  this  we  find  that  chemical  forces  can  produce  me- 
chanical work,  and  can  be  measured  by  the  same  units  and 
by  the  same  measures  as  any  other  mechanical  forte.  We 
may  consider  the  chemical  forces  as  attractions,  in  this  instance, 
■  attraction  of  tho  carbon  of  the  fuel  for  the  oxygen  of  the 
J  and  if  this  attraction  unite  the  two  bodies,  it  produces 
ahanical  work  just  in  tho  same  way  as  the  earth  produces 
f  it  attract  a  heavy  body.  Now  the  eoinervatwn  of 
f  cbomioal  force,  is  of  great  importance,  and  it  may  be 
this  way.  If  we  have  any  quantity  of  chemical 
la,  and  if  we  cause  them  to  pass  from  one  state  into  a 
d  etatc,  in  any  way,  so  that  tho  amount  of  tho  materials 
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i«t  the  befpmung,  and  thu  amount  of  tbe  materiajs  at  ttio  ond 
of  thia  process  bo  tho  same,  then  wo  have  always  tlio  same 
amount  of  work,  of  mechanical  work,  or  its  equivalent,  done 
during  this  process.  MeitLer  moro  nor  lesa  work  can  he  done 
by  the  i>roGess. 

Coramonlj',  no  meoiianicai  work  ia  tho  ordinary  aenaa  is 
done  hy  chemicnl  force,  hut  usiinJly  it  prodacos  only  heat ; 
hence  tho  amount  of  heat  produced  by  any  chemical  process 
muet  bo  independent  of  the  way  in  which  that  chemical  pro- 
cess goes  on.  Tho  way  may  be  determined  by  tho  wiU.  of  die 
experimeutet  as  ho  likes. 

Wo  see,  therefore,"  write*  Professor  Helmholtz,  "  Uiat  the 
■gy  of  Bvory  force  in  nature  can  he  measured  hj  the 
e  measure,  by  foot-pounds,  and  that  the  energy  of  the 
■whole  system  of  bodies  ivhicli-  are  not  under  tie  influence  of 
any  exterior  body  must  be  constant ;  that  it  cannot  be  lessened 
or  increased  by  sny  diajigo.  Now  the  whole  universe  repre- 
sents such  a  systsm  of  bodies  endowed  with  different  sorts  of 
forces  and  of  energy,  and  thoreibro  we  conclude  from  such  fecta 
that  the  amount  of  working  power,  or  tho  amount  of  energy 
on  the  whole  system  of  the  universe,  must  remain  the  same, 
quite  steady  and  unalterable,  whatever  changes  may  go  on  in 
the  universe," 

Again,  in  the  words  of  Profeasor  Thomson,  "  We  can  now 
look  on  space  as  £uU.  We  know  that  light  is  propagated 
like  sound,  through  pressuro  and  motion.  We  know  that 
there  is  no  substance  of  caloric — that  inscrutably  minuta 
motions  cause  the  expansion  which,  tho  thermometer  marks, 
and  stimulates  our  sensations  of  heat — that  fire  is  not  laid  up 
in  cool  moro  than  in  a  Leydcn.  jar :  there  is  potential  fire  in 
each.  If  electric  force  depends  on  a  residual  surface  action, 
a  resultant  of  an  inner  tenfflon,,  experienced  by  the  insulating 
medium,  we  can  conceive  that;  electricity  itaelf  is  to  be  undeE— 
Btood,  as  not  an  accident,  but  an  essence  of  matter.  Whatf~ 
ever  electricity  is,  it  seems  quite  certain  that  elcotcieity  in. 


motion  U  heat ;  and  that  a  certain  aligament  of  axce  of  roro-^  | 
lution  in  this  motion  is  magnetism.  Foraday'G  magneto-optie- 
expeBJuent  makes  this  not  a  hj^othesia,  but  a,  demonstrated 
ODncIuflion,  Thus  Foucaulfa  gyroscope  finds  the  earth's  asds 
of  palpable  rotation ;  and  the  mugnetiu  needle  shows  that  more 
suhtle  rotatory  movement  in  matter  of  the  earth,  which  we 
call  terrestnol  magnetism,  ell  hy  one  and  the  same  dynamical 
action," 

Many  of  the  &cta  here  lightly  spoken  of  will  necoHBarily 
come  under  consideration  in  the  pages  of  this  work,  but  to 
promote  inquiry  and  lead  the  reader  to  a  fuUor  and  deeper 
acquaintance  with  the  physical  sciences,  wc  enumorate  a  few 
of  the  more  importmLt  woiks,  all  of  which  indeed  should  lie 
read  by  any  one  who  desires  t«  make  himself  thoroughlj*  ac- 
qmunted  with  the  advanced  state  of  scientific  research  in  the 
preaent  day :  Kewton'a  Principia  and  Natural  Philosophy, 
tmd  Ih'.  Young's  Natural  Philosophy,  books  which  should  be 
•tadied  by  all;  Peschel's  Elements  of  Physics,  translated  by 
West ;  Ferguson's  Mechanics,  by  Bir  D.  Brewster ;  Itankins'tL 
Applied  Mechanics ;  and  the  Fncjclopsedia  Metropolitana. 

Among  continental  authors,  the  works  of  Pouillet,  PoissoD, ' 
Biot,  and  Quetelet,  will  repay  any  amount  of  time  and  trouble 
bestowed  on  them. 

The  laws  of  Statics  and  Dynamics  are  treated  of  mathemati- 
cally in  Wood's  Mechanics,  edited  by  Snowball;  Whewell'a 
Mechanics  and  Dynomios ;  Eamshaw's  Statics  and  Dynamics ; 
Wilson's  Dynamics ;  Mosoky's  Mechanics,  and  Mechanical 
Principles  and  Engineering ;  and  Willia's  Principles  of  Me- 
chanics. The  whole  subject  of  Fluid  Mechanics  will  be  found 
treated  of  mathematically  in  MiUer'e  Hydrostatics  and  Hydro- 
^immies;  Moseley'a  Hydrostatics,  and  Pratt's  Mechanical 
~~  "  »ophy ;  and  the  many  papers  of  Young,  Gregory,  Play- 
tho  several  Cyclopasdias. 
t  Acoustics,  the  student  is  recommended  to  refer  to  the 
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article  on  Sonnd^  in  the  Cyclopaedia  Metropolitana,  by  Sir  Jolin 
Herschel ;  also  to  the  works  of  Ghladni^  Savart^  and  Weber. 

In  Optics,  to  Sir  J.  Herschel's  Treatise  on  light,  in  the 
Cyclopaedia  Metropolitana ;  Sir  D.  Brewster's  Optics;  and 
Dr.  Young's  Natural  Philosophy ;  and  for  fuller  information  on 
Polarized  Light,  to  Baden  Powell's  edition  of  Dr.  Pereira's 
Lectures ;  the  Philosophical  Transactions ;  and  Mr.  Griffin's 
investigations  of  the  laws  of  double  refraction. 

In  Photography,  to  Hunt's  Treatise,  and  Hardwich's  Manual 
of  Photographic  Chemistry. 

In  Heat,  the  article  in  the  Cyclopaedia  MetropoHtana,  and 
the  papers  of  Melloni^  Forbes,  Joule,  and  Professor  Helmholtz. 

In  Electricity  and  Galvanism,  the  works  of  Faraday,  Bec- 
querel,  PouiUet,  Coulomb,  De  la  Kive,  Daniell,  and  Noad's 
Manual. 

In  Organic  Electricity  and  Animal  Magnetism,  Miiller's 
Physiology,  Tiedeman's  Traite  complet  de  Physiologic,  and 
Dr.  Golding  Bird's  Lectures;  besides  which  many  valuable 
papers  will  be  found  scattered  throughout  the  Philosophical 
Transactions. 


ELEMENTS 


OF 


NATURAL  PHILOSOPHY. 


CHAPTER  I. 
MATTER  AND  ITS  PROPERTIES. 


Nature  of  Matter, 

The  earth  and  the  whole  universe  is  composed  of  matter.  It 
is  very  difficult  to  give  a  correct  philosophic  definitioii  of  matter ; 
hut  it  may  he  said  to  include  everything  which  occupies  space, 
which  offers  resistance  to  the  touch,  or  which  can  he  weighed. 
All  these  three  properties  may  he  discovered  in  every  variety 
of  solid,  of  liquid,  and  of  air  or  gas.  Solids,  liquids,  and  gases 
are  alike  material,  hut  differ  from  one  another  in  the  manner 
in  which  their  particles  are  arranged.  In  solids  these  particles 
are  close  to  one  another,  and  adhere  to  form  a  mass,  more  or 
less  firm.  In  liquids  the  particles  are  close,  hut  do  not  adhere 
to  form  a  mass.  In  gases  the  particles  are  at  some  distance 
from  each  other,  and  float  ahout  in  all  directions. 

Scientific  men  at  the  present  day  have  very  generally  come 
to  the  conclusion  that  aU  hodies  are  composed  of  a  numher  of 
infinitely  small  particles,  called  atoms,  or  molecules.  This  is 
rendered  prohahle  hy  a  numher  of  facts  in  chemistry,  hut  cannot 
certainly  be  proved,  inasmuch  as  these  atoms  must  he  of  a  size 
which  places  them  altogether  beyond  human  ken, — in  fact,  of  a 
smallness  so  extreme  that  it  can  hardly  be  expressed  by 
arithmetie.     This  we  know  by  the  manner  in  which  all  known 
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bodies  admit  of  being  divided  or  reduced  to  smaller  parts^ 
whereas  the  nature  of  atoms  is  such  that  they  are  indivisible 
and  impenetrable,  always  of  the  very  same  weight,  size,  and 
shape. 

In  definite  chemical  bodies,  as  water,  salt,  and  sugar,  each 
atom  is  a  compound  one,  made  of  a  bundle  of  still  simpler 
atoms, — as  in  water,  of  oxygen  and  hydrogen;  in  salt,  of  chlorine 
and  sodium.  These  four  substances  are  called  simple.  Each 
is  made  of  atoms  which  are  all  the  same,  but  differ  from  those 
of  every  other  body.  So  is  salt  or  sugar  made  of  atoms  which 
are  all  the  same  in  each,  but  they  are  compound  atoms,  as  just 
stated.  Each  compound  atom  contains  the  simple  atoms 
firmly  and  chemically  united. 

But  many  bodies  that  we  see,  such  as  wood  or  flesh,  are  still 
more  heterogeneous  in  their  structure.  Thus  wood  contains 
Hgnine,  starch,  sugar,  resin,  and  water — each  of  these  a  chemi- 
cal substance  made  of  compound  atoms ;  but  these  are  all  mixed 
together  in  wood,  and  not  united  fiimly,  or  in  a  regular  way. 
Such  is  the  theory  generally  received  as  to  the  nature  of 
material  bodies. 

Indestrmctibility, 

As  far  as  we  know,  matter  can  never  cease  to  be.  The  atoms 
of  which  it  is  composed  are  absolutely  indestructible.  A  solid 
body  may  be  transformed  into  a  liquid,  or  a  liquid  into  a  vapour, 
by  the  agency  of  heat,  but  it  is  not  therefore  destroyed.  A 
piece  of  rock  may  be  disintegrated,  and  apparently  destroyed 
by  the  action  of  an  acid,  but  it  is  only  decomposed  into  the 
two  parts  of  which  it  always  consisted :  one  part  passes  as  a 
gas  into  the  air,  the  other  remains  behind  and  unites  with  the 
acid.  Organic  substances,  as  the  bodies  of  plants  and  animals, 
when  they  decay,  or  wood  and  coal,  when  burned  in  the  fire, 
are  by  no  means  destroyed.  They  are  decomposed,  and  their 
atoms  or  elements  are  rearranged,  forming  vapours  and  gases 
which  pass  into  the  air  around  us.  Thus  nothing  is  ever  lost 
in  the  universe. 

A  perpetual  round  of  change  is  always  going  on  in  the 
material  world,  the  whole  of  which  is  a  system  of  death  and 
reproduction.  Both  plants  and  animals  exhale,  while  living, 
peculiar  gases  into  the  air.  That  which  plants  exhale  (oxy- 
gen) is  breathed  by  animals,   that  which  animals  exhale 
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(carbonic  acid)  is  breathed  liy  pknts :  nor  is  thia  all,  C 
of  eartli  tutd  air  plants  are  able  lo  construct  food.  Upon  tl 
ouimabi  live.  They,  when  they  die,  turn  again  to  earth  nnd'l 
air,  upon  whieh  plants  Hve.  Tiiua,  of  matter,  there  ia  never  J 
less,  nevar  more,  though  it  is  ulwiiys  in  a  atate  of  transition. 


Dlvisil/ilitif. 

Though  we  believe  the  ultimate  partidea  of  matter  to  be 
impenetrable,  yet,  so  infinitely  small  are  they,  that  matter  may 
be  divided  to  sin  apparently  unhmited  extent. 

Gold  is  a  common  example  of  the  divisibility  of  metals.  It  I 
may  be  beaten  out  till  it  covers  a  space  of  50  square  ineheflj  * 
and  then  divided  into  two  miUion  parts,  each  visible  to  the  eye. 
Gold-leaf  may  be  made  so  thin,  tbiit  a  book  of  291,000  leaves 
will  only  be  one  inch  in  thickness.  When  gold  lace  is  formed 
bom  silver  wire,  the  coating  of  gold  is  bat  a  four-milHonth 
part  of  an  inch  thick. 

The  soap-bubble  (measured  by  Newton)  is  nearly  as  thin  as 
this,  and  yet  contains  but  one  part  of  soap  to  100  of  water. 
Moreover  soup  is  a  eomples  chemical  substance,  each  atom  of  J 
which  contains  aome  1^00  other  atoms  united  into  one. 

A  pound  of  cotton,  which  may  be  made  to  yield  a  thread  J 
24H  miles  in  length,  is  a  famihur  example  of  divisibility.    But 
that  is  not  much. 

Five  grains  of  Tripoli  stone,  used  in  polishing,  have  been 
found  to  contain  the  skeletons  or  fossil  remains  of  a  thousand 
million  animalcules.     Koch  of  these  animaloiilos  is  seon  by  the 
oscope  to  have  been  a  complex  organism,  possessed  of 
IS  textures  and  parts,  perfect  in.  its  functloas,  active  in  its 
lents. 

1  the  minuto  revelations  of  the  microscope  are  outdone 
ns  of  odorous  substances.  A  grain  of  musk  has 
a  apartment  during  twenty  ystrs.  Odour  can  only 
1  by  partielos  of  matter  in  the  air;  yet,  after  thia 
),  the  diminution  in  weight  of  the  grain  of  musk 
y  be  estimated.  ~ 

Resistance. 
>  particles  of  matter  may  be  separated,  but  they  are  ' 
lotruble,  and  ri;sist.  any  atti-mpt  to  lessen  their  aha,  or  to 
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occupy  the  space  which  they  fill.  If  a  body  can  be  lessened 
in  size  by  mere  pressure,  it  shows  that  its  particles  were  not 
close  together  before.  One  particle  resists  the  attempt  of 
another  to  take  its  place,  simply  because  matter  must  have 
place  in  which  to  lie.  Thus  one  piece  of  marble  cannot  be 
forced  into  another,  and  two  take  the  room  of  one ;  if  such  a 
thing  were  possible,  the  whole  world  might  by  degrees  be  got 
into  a  nutshell. 

No  power  whatever  will  be  able  to  force  down  the  piston  of 
a  water-syringe  if  the  orifice  be  stopped.  The  water  resists 
compression  with  a  force  sufficient  to  support  a  mountain,  if 
the  syringe  were  strong  enough.  Air  also,  though  an  elastic 
fluid,  resists  compression  with  some  force.  If  an  empty  phial 
be  plunged  into  water  with  the  mouth  downwards,  it  wiU 
resist  the  entrance  of  the  water,  on  account  of  the  air  which  it 
contains. 


ATTRACTION. 


This  word  signifies  a  drawing  towards.  It  is  a  general  term 
applied  to  all  instances  of  one  thing  being  drawn  towards 
another,  by  whatever  force  or  power  this  is  done.  We  now 
understand  it  simply  of  matter,  left  alone,  uninfluenced  by 
external  forces.  We  find  that,  even  so  understood,  there  are 
several  kinds  of  attraction.  By  a  force  of  attraction,  the  par- 
ticles of  a  sohd,  or  even  a  liquid  or  gas,  are  held  together,  and 
prevented  from  separating.  This  force  in  the  particles  of  one 
and  the  same  body  is  called  attraction  of  cohesion.  Again,  we 
know  that  the  particles  of  one  body  may  attract  those  of  an- 
other, as  when  two  things  stick  or  adhere  together,  or  when 
wood  is  wetted  by  water,  which  will  not  fall  entirely  from  it. 
This,  in  two  substances  often  dissimilar,  is  called  attraction 
of  adhesion.  And  there  is,  again,  another  universal  and  most 
important  kind  of  attraction,  which  consists  in  all  bodies 
drawing  towards  them,  with  more  or  less  force,  all  other  bodies. 
The  degree  of  this  force  depends  upon  the  mass  of  the  body ; 
when  this  is  very  great  indeed,  other  bodies  are  compelled  to 
approach  it.  This  is  called  the  attraction  of  gravitation.  We 
shall  now  speak  in  turn  of  these  three  kinds  of  attraction. 

Attraction  of  Cohesion, 
This  is  the  force  which  unites  particles  together  into  one 


Even  in  a  gas  the  particles  attract  one  another  t 
1  d^ree ;  though  they  are  probahly  at  some  distance, 
and  are  easily  separated  and  divided  by  any  other  body  with- 
out offering  resistance  (which  is  the  cause  that  a  gas  or  vapour 
can  scarcely  bo  felt  by  the  hand),  yet  they  must  hold  togethei", 
01  the  gas  would  occupy  an  indefinitely  large  space.  In  a 
liquid  the  particles  are  drawn  into  absolute  contact  by  their 
attraction ;  yet  they  are  not  fixed  by  it,  but  roll  about  freely 
in  all  directions.  In  a  solid  the  attractive  force  is  greater 
still,  being  sufficient  to  bind  ond  &x  the  atoros  into  one  firm 
resisting  body.  The  attraetivo  force  is  greater  as  the  solid  is 
harder.  Soft  solids,  as  butter,  approach  fluids  ia  the  weakness 
of  thrar  attraction  of  cohesion.  I  a  doul  wood  it  is  stronger, 
in  iron  stronger  still,  and  in  the  hard  conraduni  and  diamond 
strongest  of  all.  Cohesion  is  overcome  when  a  bodyis  broken ; 
still  more  when  it  is  powdered,  or  reduced  to  the  fluid  state 
by  heat  or  other  means.  Heat  strongly  favours  repulsion,  and 
strives  Bgainst  cohesion.  Thus  it  turns  ice  into  water,  and 
'  water  into  steam.  When  a  sohd  is  broken,  it  is  difficult  again 
to  promote  its  natural  cohesion,  probably  because  the  parts  are 
infloxible.  and  we  cannot  produee  contact  of  the  atoms.  Near 
contact  is  necessary  for  cohesion.  To  produce  this  molecular 
contact,  most  melAls  must  be  melt«d  to  join  them  into  a  mass. 
Pieces  of  iron  will  imite  by  vjeMing,  i,  o.  being  hammered  at 
a  white  heat.  The  clean  surlaces  of  a  leaden  bullet  that  has 
hoen  cut  in  half  will  unite  firmly  if  thoy  are  strongly  pressed 
t<^ethcr.  For  a  similar  reason,  the  very  powerfiil  compression 
of  dry  ciuy  powder  is  resorted  to  by  manufacturers  to  form 
buttons,  fjlea,  &b.  The  particles,  being  brought  sufficiently  ■ 
oloBe  to  exert  their  force  of  cohesion,  unite  into  a  flrm  stone. 

This  approximation  is  easy  in  the  case  of  floids.  Two 
glohul&s  of  water  wUl  at  once  run  together  into  one,  when 
[ilaced  in  contact.     The  same  with  mercury. 

This  attraction  of  cohesion,  which  binds  atom  to  atom,  h 
b6  distinguished  from  that  general  attraction  which  draws  all  I 
bodiee  together,  which  is  the  attraction  of  gravitatio        ~ 
£fference  to  bo  noted  is — cohesion  operates  only  at  insemiliUf^ 
dUtances.  gravitation  o])eratca  at  ail  distances. 

a  the  degree  and  kind  of  cohesion  depends  the  state  o 
varioas  ijuaUtiea  of  mutter  which  a 
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Consistence, — The  diflference  between  a  gas  or  vapour,  a 
liquid  and  a  solid  body,  depends  upon  the  degree  of  approxi- 
mation of  their  particles.  This  approximation  is  greater  the 
greater  the  cohesion.  Cohesive  force  is  therefore  greatest  in  a 
solid,  least  in  a  gas.  Although,  comparatively  speaking,  the 
atoms  of  a  gas  are  removed  from  one  another,  yet  as  these 
atoms  are  infinitely  small,  it  is  probable  that  the  distance 
between  them  is  also  infinitely  small.  When  some  gases,  such 
as  chlorine,  are  subjected  to  great  pressure,  their  particles 
come  in  contact,  and  a  liquid  is  formed.  Again,  by  cold, 
which  promotes  cohesion,  a  liquid  may  frequently  be  formed 
into  a  solid,  its  bulk  being  also  in  most  cases  lessened.  (Ice^ 
which  occupies  more  bulk  than  water,  is  an  exception.) 

State  of  Aggregation. — ^When  the  particles  of  matter  are 
aggregated  (that  is,  gathered  together)  into  a  solid  body,  there 
is  generally  an  opake  mass  without  definite  geometrical  form, 
but  of  any  accidental  shape  determined  by  circumstances. 
This  is  the  case  with  most  stones,  as  chalk  or  limestone ;  with 
rock-alum,  and  with  charcoal.  These  opake  irregular  masses 
of  matter  are  called  amorphotis,  that  is,  destitute  of  regular 
form.  But  nearly  all  bodies  which  are  simple  in  nature  have 
an  especij^l  tendency  to  a  more  regular  arrangement  of  their, 
particles.  These  may  unite  in  such  a  manner  as  to  form  a 
mass  of  a  definite  geometrical  shape,  with  regular  surfaces  and 
sides,  as  a  cube,  an  octahedron,  a  prism.  These  masses  are 
called  crystals.  Crystals  are  generally  produced  when  the 
atoms  of  a  body  have  time  to  arrange  themselves ;  thus  when 
a  metal  is  melted  and  cooled  slowly,  crystals  of  the  metal  may 
form ;  or  when  a  soluble  substance,  as  nitre  or  sugar,  is  dis- 
solved in  water,  and  the  water  allowed  to  evaporate,  crystals 
are  deposited.  The  three  substances  mentioned  above  as  being 
frequently  met  with  amorphous,  are  also  capable  of  assuming 
the  crystalline  form.  Thus  chalk  is  found  crystallized  as 
calcareous  spar ;  if  alum  be  dissolved  in  hot  water,  the  liquid 
deposits  crystals  on  cooling ;  and  even  black  charcoal,  which 
no  power  of  ours  can  turn  into  crystals,  is  found  in  nature 
under  the  beautiful  crystalline  form  of  the  diamond.  Though 
the  crystals  of  pure  metals  are  opake,  most  crystalline  bodies 
are  transparent,  many  of  them,  as  the  diamond  of  finest  water, 
destitute  of  colour. 

A  well-known  and  magnificent  example  of  this  gem  is  the 
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or.  ur  Monntain  of  Light  (fig.  1).  an  Indian  diiimonii 
^bW  belonging  1x)  Her  Majesty.  Since  itapubLie  exhibition  in  tlif" 
Hyde  Park  Crystal  Palace,  it  has  gained  much  in  splendour  by 
having  been  reoat.  This  may  be  understood  by  a  woodont 
llnwiag  its  present  appearance. 


Fig.  2.— Forme  of  Crjeta;?. 

and  various.     The  tiystalline  form  of  a  iJiemicnl 
8  frequently  of  help  in  enabling  ua  to  recognize  it. 


•  Y  *  * 
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&inie  bmlies,  however,  us  Bulphnr.  have  tivo  ilistiuct  crj-stftlline 
forms,  and  are  colled  dimoriibous. 

Wlien  liquids  become  solid  by  cold,  they  frequently  oasumu 
the  (nystalline  form.  Water  freezes  into  ice,  which  scotib 
(unoqilions ;  but  when  the  vopour  of  water  frocies  into  frust 
or  anow,  it  aasumes  the  moat  heuutiful  and  fantastii;  geo- 
metdcitl  shapes  (fig.  3). 

Amorphoua  bodies  f 
frequency     present  I 
some   appproach  to  I 
thatreguliur  arrange- 
ment of  parts  which  ■ 
charaoteriiies      cry 
stals,  ttome  HoIidfi,a 
slate,  are  Jatndlar  ii 
structure,  that  is  ar- 
ranged iu  flat  plates.  I 
Some  oXQJibro-u 
a  rod  of  iron,  oi 
stem    of    a    plant.  ' 
Others   are   ^rous,  F'g-  ii-— Snow  Crystals- 

haying  minute  passages  through  their  substance.  This  is  the 
case  with  nearly  all  bodiea,  except  the  hardest  crystals  and 
stones. 

Denaily. — The  small  parts  of  tt  bf>dy  (not  the  atoms,  but 
raassea  composed  of  atoms)  may  either  be  closely  packed,  or 
loosely  arranged  together.  If  close,  the  body  is  colled  dense. 
finow  and  wool,  which  may  bo  squeezed  into  a  very  small 
bulk,  are  deficient  in  this  property.  Wood,  and  even  many 
metals,  may  be  made  to  occupy  less  space  by  being  hammered. 
Flint  is  heavier  than  aand,  simply  because  it  is  denser.  A 
bottle  may  be  filled  with  sand,  but,  as  this  is  loose  and  porous, 
it  will  hold  a  quantity  of  water  va  addition. 

Hardness. — A  body  is  Jiard  when  the  cohesion  between  its 
iitums  is  80  great  that  it  resists  compression  or  division.  The 
opposite  quality  is  loftnest.  Water  and  air  may  bo  cut  in  any 
manner,  or  eaaly  compressed  into  different  shapes.  A  semi- 
solid, as  butter,  offers  more  resistance.  Wood  is  hanler,  but 
may  aasijy  bo  cut  or  bent.  Stool  cannot  be  squeezed,  but  may 
Btill  be  cut.  Glass  is  harder  again ;  it  cannot  be  cut,  without 
""  'inteiing,  by  any  body  but  one  harder  than  itself,  as  the 
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Wten  bread  ia  cut  by  a,  knife,  it  ia  hQcause  the  thin 
_e  insinuates  itself  between  tlie  yielding  particles.  TheatoniB 
of  a  hard  body  will  not  allow  tlieiriajhesion  tobe  tliua  overcome. 
Srittlenesi. — This  is  a  peculiar  liability  in  many  hard  bodies 
to  a  Budden  derangement  of  the  cohesive  force  of  their  atoms 
by  means  of  a  shock  or  jar.  Thus  no  direct  pressure  will  break 
gjass,  if  it  be  supported  behind ;  but  a  sudden  blow,  causing 
rapid  vibration  amongst  its  particles,  derange-s  and  destroj-a 
their  cohesion,  so  that  it  flies  into  a  thousand  pieces.  Iron  is 
much  softer  than  glass,  that  is  to  say,  the  cohesion  of  its  atoms 
)a  less.  Yet  iron  is  far  more  difficult  to  break  than  glass, 
because  its  cohesion  is  not  disturbed  by  a  jar,  i.  e.  it  is  not 
brittle  to  the  extent  that  gloss  is. 

Tenadtij,  or  ToaghneM.—Thia  is  the  opposite  quality  to  brit- 
tleness.  A  tough  body  must  possess  some  degree  of  hardnesB, 
in  addition  to  which  it  is  not  easily  snapped  or  broken.  A 
metal  like  lead  is  too  soft  to  possess  much  tenacity.  On  the 
other  hand,  cast  iron,  which  ia  harder  than  wrought  iron,  is 
less  tenacious,  on  account  of  its  brittleness.  Bar-iron  may  be 
bent,  but  not  broken ;  whereas  a  eaat-iron  pipe  may  be  chipped 
with  a  blow  of  a  hammer.  Soft  steel  is  very  tough,  but  the 
hard  tempered  edge  of  a  knife  is  easily  notched.  The  tenadty 
of  metals  is  estimated  by  the  woigbt  tiey  wiD  bear  when  made 
into  wire,  Sleei  wire  ia  exceedingly  tenacious  -,  when  -Ajth  of 
an  inch  thick,  it  wUl  bear  134  lb.  The  foUowing  Table  will 
show  the  weight  that  will  be  supported  without  breaking  by 
metallie  wires  of  ^th  of  an  inch  in  thieknesa ; — 
^^^    Iron.  .    541}  lb.      I  Gold   .  .     150  lb. 

*^OTk   of 


itpor  is  very  tenacious,  so  is  gelatine.     The  paper  of  s 


Oik  of  England  note  will  hear,  when  sized,  3^  lb. ;  when 
stiffened  with  a  grain  of  size,  56  lb. ;  or  when  glued  up  into  a 
nmnd  roll,  1  inch  long  and  1  inch  broad,  30,000  lb.,  as  aseer- 
tAined  by  Count  Romford.  By  soaking  papor  in  a  weak  solu- 
tion of  sulphuric  add,  it  acquires  the  toughness  or  tenacity  cf  ' 
parchment. 


The  gelatine  of  the  skin  of  animals,  when  gi 


o  th©   ' 


of    tanning,  becomes  tougher  than   ever,  forming'   | 
The  fibres  of  plants,  as  cotton,  flax,  and  hemp,  are 
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woven  into  fabrics  of  great  tenacity.  Silk  tliread,  the  produce 
of  a  wonn,  equals  them  in  tenacity,  and  surpasses  them  in 
pliability. 

The  toughness  of  woods  varies  much.  It  is  much  easier  to 
drive  a  nail  into  deal  than  into  oak,  and  this  wood  is  excelled 
in  hardness  and  in  toughness  by  that  of  the  beech. 

In  the  construction  of  ropes  and  cords,  tenacity  is  the  one 
thing  needful.  The  time-honoured  employment  of  hemp  for 
this  purpose  is  now  giving  way  before  the  use  of  iron  wire,  of 
which  ropes  are  made  of  aU  degrees  of  thickness,  from  the 
cord  that  supports  a  telegraph  post,  to  the  thick  cable  of  a 
ship;  and  from  that  again  to  the  herculean  rope,  thou- 
sands of  tons  in  weight,  which  stretches  across  the  Menai  to 
support  the  enormous  tubes  of  the  Britannia  Bridge  at 
Conway. 

MaUeaMlity. — This  may  be  said  to  be  toughness  combined 
with  some  degree  of  softness.  It  is  the  property  possessed  by 
some  metals  of  allowing  themselves  to  be  beaten  out  into  thin 
sheets  without  breaking.  The  atoms  take  up  the  new  position 
given  to  them,  but  still  retain  their  attractive  force  as  before. 
Gold,  which  may  be  beaten  into  sheets  far  thinner  than  tissue 
paper,  possesses  this  property  in  a  high  degree.  Brittle  metals 
are  not  malleable,  neither  are  very  hard  ones.  Iron,  when 
much  hammered,  may  become  brittle.  It  is  very  malleable 
when  heated  to  a  red  heat,  in  which  state  it  is  fashioned  by  the 
blows  of  the  smith.  Lead,  silver,  copper,  tin,  are  all  malleable 
to  a  certain  extent. 

Ductility, — ^This  is  the  property  of  being  readily  drawn  into 
wire.  It  might  seem  akm  to  malleability,  but  tin  and  lead, 
though  malleable,  are  not  ductile.  Many  hard  bodies,  when 
melted,  acquire  this  property.  This  is  especially  the  case  with 
glass,  which,  when  melted,  may  be  drawn  out  to  any  length  of 
hair  like  fibre.  Among  metals,  platinum,  silver,  copper,  gold, 
and  iron  are  ductile.  To  form  iron  wire,  a  bar  is  heated  to 
the  melting-point,  and  their  end  made  sufficiently  pointed  to 
pass  through  a  smaU  hole  in  a  piece  of  steel.  The  protruded 
point  is  seized  by  a  pair  of  pincers,  and  the  soft  metal  rapidly 
pulled  through  the  hole  by  the  workman.  Metallic  wire  may 
easily  be  made  as  fine  as  the  human  hair;  in  fact,  of  such 
material  the  wigs  of  barristers  are  now  frequently  made.  The 
late  Dr.  Wollaston  was  enabled  to  draw  platinum  wire  to  the 
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tenacity  of    the   throe- million tli   of    an   inch  ittj 

Pliahilily. — This  property  is  possessed  by  an  object  whichi'^ 
is  easily  hent  without  being  broken.     IVhen  a  body  is  bent,  oi 
fiurface  is  rendered  convex,  the  other  concave.     If  thick,  tl 
convex  surface  is  made  to  measure  more  in  length,  the  concave 
less  than  before.     In  the  first,  the  atoms  must  be  somewhat 
separated,  in  the  other  surface  made  nearer.     A  pliable  body 
lUst  therefore  he  tough.     Yet  a  very  brittle  body,  hb  gloss, 
""  bend  when  very  thin,  os  then  the  separation  of  the  atoms 

arcely  appreciable, 
tSuny  metals   are  pliable.     The   fibres  of   vegetable  and 
Anal  bodies  are  stiU  more  eo. 

Elattinly. — When  a  bent  or  comprcwcd  body  returns  to  its 
original  pofdtion  aa  soon  as  the  force  which  coerced  it  is  with- 
drawn, it  is  called  elastic.  Itoth  attraction  and  repulsion  are 
called  into  play  by  the  exertion  of  elastic  force, — attraction, 
when  the  separated  atoms  of  a  bent  or  Gtn:tched  substance 
t<md  again  to  approach  one  another;  repulsion,  whea  the 
particles  of  a  com]»rcssed  body  tend  again  to  separate  to  the 
same  distance  as  before.  Gases  and  liquids  are  more  elastic 
than  solids.  A  gas  compressed,  into  a  confined  space  will 
CTqjnnd  immediately  when  the  compressing  force  is  withdrawn. 
I.ii^uids  also  are  elastic,  as  may  be  seen  by  the  force  with 
which  water  rebounds  when  projected  against  a  solid  body, 

8oft  solids  are  commonly  unelEistic  and  may  he  compressed 
eg  bent  in  any  manner  without  reaction.  Tet  india-rubber, 
[bich  is  soft,  is  ekstic.  though  not  perfectly  «o,  for  a  piece 
stretched  docs  not  return  exactly  to  the  same  length 
I.  Lead  possessea  hut  litUe  elasticity,  Bteel  and  gold 
Iiighly  elastic,  GIhbb,  which  is  not  very  phable  on  account 
its  britOeneas,  is  almost  perfectly  elastic.  This  assertioii 
may  seem  strange  to  those  who  have  fallen  into  the  common 
error  of  confounding  elasticity  with  entensibility,  and  there- 
fo»  suppose  that  an  elastic  body  is  one  which  can  be  stretched. 
I,  in  its  ordinary  state,  is  almost  inextcnsible,  but  it  18  _ 
to  be  perfectly  elastic,  because  a  thin  piece  which  1 
kept  bent  for  a  Itmg  time  wiU  at  once  retom  to  ita  original  I 
ion  when  the  restraining  force  is  witbdrawa, 
hard  ehietic  body,  subjected  to  a  sudden  compressing  force, 
suddenly  released  from  it,  is  apt  to  rebound  from  the 
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point  of  compreesion  by  the  recoil  of  ite  particles  due  to  its 
elasticity.  The  difference  between  an  elastic  and  an  unelastic 
substance  may  be 
shown  by  throw- 
ing two  round 
balls,  one  of  pntty, 
the  other  of  ivory, 
against  a  freshly 
blackened  floor. 
The  soft  patty  ia 
flattened  and  sticks 
to  the  floor  without 
any  attempt  at  re- 
coil. The  ivory 
ball  rebounds,  and 
may  be  caught  in 
the  hand.  A  small 
blaok  circle  at  the 
part  where  it 
touched  the  floor  i 
is  a  proof  of  the 
compressioa  of  its  . 
particles,  for,  if 
they  had  not  been 
compressed,  only  a 
black  point  would 
be  seen.  [A  sphere 
cantouchafljit  eur  ' 
face  at  one  point 
only  at  a  time.] 
The  spherical 
shape  of  the  ball, 
still  perfect,  is  a 
proof  of  the  elas- 
ticity which  caused 
the  rebound. 

For  many  ma- 
nufactures and 
appliances  with 
which  we  are  fa-  Fig-  *■ — Toledo  Sword-falade. 

miliar,  we  are  indebted  to  this  elastic  property  of  bodies. 


the  elasticity  at  iron  we  arc  indebted  for  the  luxury  of  a 
'  ige  spring.  The  far  more  delicate  spring  of  a  watch  is 
made  of  steel,  A  sword  blade,  w-hieh  may  bo  bent  into  a  cirde 
without  breaking,  and  becomes  straight  as  soon  as  released,  is 
an  example  of  the  elasticity  of  steel  (fig.  4). 

To  the  vibration  of  metal,  caused  by  its  elasticity,  the  boau- 
tone  of  a  bell  is  owing.  In  the  pianoforte  and  violin,  the 
itic  vibrations  of  catgnt  strings  and  of  wood  are  also  taken  • 
account.  In  wind  instruments,  air  and  metal,  both  elastic, 
ibine  to  produce  the  sound. 
To  the  elasticity  of  gaseous  bodies  we  owe  the  power  of 
st^atQ,  and  the  death-dealing  force  of  a  gun  to  the  gases  sud- 
denly produced  by  the  ignition  of  gunpowder,  Being  suddenly 
produced  in  a  confined  space,  these  gases  are  in  such  a  state  of 
compression,  that,  acting  upon  the  point  of  least  resistance, 
they  blow  the  bullet  before  them. 

Among  animal  products,  hair  and  feathers  are  both  highly 
elastie,  for  which  reason  they  are  admirably  woll  adapted  to 
form  stuffing  for  cushions  and  pillows. 

Allraelion  of  Adhesion. 

This  is  the  attraction  of  one  body  for  another  when  both 

ate  placed  in  contact.     Like  ooheaion,  as  attraction  between 

atoms,  it  only  operates  at  iuaeasiblo  distances.     Two  bodies 

'  ■  'i  attract  one  another  in  thoe  way  are  said  to  ndhnre,  or 

It  together.     As  a  general  mle,  one  of  them  must  bo  more 

la  fluid  before  tliis  can  take  place.     Water  has  an  adhe- 

»  attraction  for  wood,  but  not  for  resin.     When  a  piece  of 

1  Uoata  on  water,  the  surfacD  of  the  liquid  rises  around  it 

i  force  of  attraction.     It  has  no  attraction  for  resin. 

a  piece  is  plunged  in  it,  the  water  is  depressed  around 

itid  does  not  cling  to  or  wet  it.     Spirit  attracts  resin,  and 

J  wets  it.     Liquids  which  adhere  to  solids  are    com- 

r  called  'sticky.'     By  meajis  of  g^um,  glue,  or  cement, 

lida  may  be  firmly  and  permanently  united  together, 

"Ettry  AUraetion  is  a  variety  of  adhesion.    It  is  the  force 

'a.  water  and  other  fiuids  tend  to  rise  in  small  tubes. 

le  '  capillary  '  is  derived  from  the  Latin  word  for  hair, 

trs  to  the  fineness  of  the  tubes,     In  a  tube  of  wide 

i  vertically  in  wiiter,  t 


:  lube  tile  wat« 
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rises.  This  is  by  virtue  of  two  separate  forces  or  attractions. 
The  one  is  the  attraction  of  the  water  for  the  side  of  the  tube, 
the  other  the  mutual  cohesion  of  the  particles  of  water, 
enabling  them  to  support  one  another.  Mercury  will  not  rise 
spontaneously  in  a  glass  tube,  because  it  is  repelled  by  the 
glass  instead  of  attracted.  But  water  and  many  other  liquids 
rise  quickly,  to  a  height  which  is  greater  in  proportion  as  the 
tube  is  fine  in  bore. 

All  porous  bodies  draw  water  into  their  pores  by  the  same 
force.  A  piece  of  cane  placed  in  water  will  draw  the  fluid 
along  its  pores.  A  piece  of  salt  or  lump  sugar,  allowed  to 
touch  water  at  one  end,  becomes  soon  wetted  throughout.  By 
this  power  a  sponge  or  a  cloth  will  take  up  water,  blotting-paper 
absorb  ink,  and  the  wick  of  a  lamp  draw  up  the  oil  to  the  flame. 

Wood,  allowed  to  absorb  water,  swells  with  enormous  force, 
so  that  quarrymen  in  Germany  are  accustomed  to  split  slate 
and  rend  solid  stone,  by  driving  a  wedge  of  wood  into  a  crevice 
and  then  throwing  water  upon  it.  Millstones,  made  of  the 
hardest  stone  which  can  be  procured,  are  split  off  in  the  form 
of  flat  disks  from  a  cylinder  of  the  same  material,  by  wetting 
dry  pieces  of  willow  wood,  which  are  first  driven  by  the  mallet 
into  horizontal  indentations  cut  at  proper  distances, — so  enor- 
mous a  force  is  exerted  by  a  soft  wood,  when  swelling  by  the 
action  of  water  drawn  by  capillary  attraction  along  its  pores ! 

Endostnose  and  Exosmose  are  terms  applied  to  the  passage  of 
fluids  through  animal  membranes.  The  first  word  signifies  a 
flowing  inwards,  the  second  a  flowing  outwards ;  but  both 
are  governed  by  the  same  laws.  Two  liquids,  being  on  opposite 
sides  of  a  piece  of  bladder  or  other  membrane,  will  pass  slowly 
through  the  bladder,  unless  they  have  some  repulsion  for  it. 
That  passes  fastest  which  has  the  greatest  attraction  for  it, 
being  drawn  through  its  pores  by  virtue  of  capillary  action. 
This  passage  takes  place  faster  if  the  liquid  have  an  attraction 
for  the  other  liquid  on  the  opposite  side  of  the  membrane.  It 
is  by  such  a  process  of  endosmose,  that  the  nutriment  taken  as 
food,  after  being  reduced  to  a  liquid  state  in  the  stomach, 
passes  through  the  animal  membrane  into  the  blood ;  and  again 
afterwards  from  the  blood  through  the  coat  of  the  vessel  to 
the  various  tissues  of  the  body.  This  form  of  capillary  at- 
traction is  thus  of  immense  importance  in  the  processes  of 
animal  life. 


i 


Fig.*. 
Atlraetion  of  Gravifatior, 


^^^B  has  alreadj  been  stated  that  all  bodies  attract  one  another 
at  all  distances.  This  kind  of  attraction  is  called  gravitation, 
though  it  is  of  one  particular  inatunee  of  it,  i.  e.  the  attraction 
of  the  earth  for  smaller  hodies,  that  the  word  is  moat  ire- 
ut^ntly  used.  Cohesion  and  adhesion  are  forms  of  attraction 
*'  'i  operate  only  at  insensible  distances.  (Jravitation  is 
d  at  all  distances,  though  the  less  the  distance  the 
r  the  force.  The  attrautioa  of  masses  of  matter  for  one 
f  may  he  illustrated  by  two  examples. 
(  load  balls,  which  are  allowed  to  bang  by  separate 
it  near  to  one  another,  are  found,  upon  a  very  exaet 
I,  to  approach  slightly,  90  that  the  luic  of  eaohstring 
kot  quite  perpendicular.  Light  bodies,  aa  feathers  and 
kcks."  when  floating  in  the  air,  arc  attracted  perceptibly  A 
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towards  any  solid  body  which  they  may  approach.  Pieces  of 
cork  or  wood,  floating  freely  on  water,  are  drawn  together 
when  they  come  near.  The  manner  in  which  planks  and 
driftwood  congregate  into  a  mass  when  floating  down  a  stream 
has  often  been  remarked. 

It  is  supposed  that  every  atom  exerts  the  same  force  as 
every  other  atom.  Bodies  that  we  call  heavy  contain  more 
atoms  than  light  bodies.  Bodies  of  equal  weight  exert  an 
equal  attraction.  A  heavier  body  draws  a  lighter  one  towards 
it,  and  the  heavier  it  is  the  greater  the  power  with  which  it  does 
this.  For  example.  Let  a  leaden  plummet  hang  by  a  cord  by  the 
side  of  a  moimtain  (fig.  5)  or  a  taU  tower.  The  line  is  not  quite 
perpendicular,  for  the  plummet  is  drawn  towards  the  mountain 
or  the  tower;  and  yet  the  lead  hangs  down  and  stretches  the 
line,  because  it  is  attracted  by  the  enormous  mass  of  the  earth, 
which  is  much  greater  than  the  mountain  or  the  tower. 

In  the  same  manner  the  moveable  water  of  the  ocean  is 
drawn  to  and  fro  by  the  moon  as  it  moves,  producing  the 
phenomena  of  tides.  But  the  sea  does  not  fly  off  to  the 
moon,  but  is  kept  on  the  surface  of  the  earth,  because  the 
bulk  of  the  earth  is  much  greater. 

We  are  now  in  a  position  to  understand  that  fall  of  the 
apple  which  set  Newton  thinking;  we  see  why  all  smaller 
bodies  are  drawn  towards  the  surface  of  the  earth,  so  that,  if 
lifted  from  it,  they  fall  unless  supported  ;  and  we  can  under- 
stand how  this  attraction  of  gravitation  is  the  same  thing  as 
weight. 

Bodies  influenced  by  this  force  are  drawn  towards  the  centre 
of  the  attracting  mass.  This  explains  why,  on  whatever  part 
of  the  rounded  surface  of  the  globe  a  man  may  be,  he  is 
equally  drawn  towards  the  centre  and  enabled  to  wallt  erect. 
By  this  force  aU  things  are  kept  in  equilibrium  and  order. 
Without  it,  dire  would  be  the  confusion  in  nature,  for  matter 
would  then  roll  about  in  space  unrestrained.  And  not  only 
in  this  world,  for  by  the  law  of  gravitation,  i.  e.  attraction 
of  lighter  by  heavier  bodies,  the  whole  solar  system,  and 
doubtless  the  entire  universe,  is  kept  in  order.  Attracted  by 
the  earth,  the  moon  keeps  her  appointed  place.  Attracted  by 
the  immense  bulk  of  the  sun,  both  earth  and  moon,  with  the 
other  planets  and  their  satellites,  revolve  ceaselessly  round 
the  source  of  light ;  and,  indeed,  they  would  fly  into  it,  were 
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tbey  not  kept  in  their  orbit  hy  another  force,  to  which  allusion 
will  be  made  presently.  For  thia  sublime  discovery  we  are 
indebted  to  the  genius  of  Newton.  The  following  general  law 
of  gravitation  is  given  by  him; — "  Every  particle  of  matter  ia 
attracted  by,  or  gravitates  to,  every  other  particle  of  matter, 
with  a  force  inversely  proportional  to  the  squares  of  their  di- 
atances."  The  first  clause  of  this  law  we  have  already  at- 
tempted to  elucidate.   The  second  requires  a  brief  explanation. 

The  tbrce  of  attraction,  like  many  other  forces,  and  like 
heat  and  light,  spreads  in  all  directions;  that  is  i^i  say,  it 
ratiiatM,  The  lines  of  force  pas^  outwarda  &om  the  centre, 
like  the  spokes  &om  the  axle  of  a  wheel.  The  greater  the 
distance  &om  the  centre,  the  more  the  lines  of  force  become 
separated.  The  force  thus  acts  more  and  more  weakly  as  it 
spreads.  It  spreads  in  proportion  to  the  square  of  the  di- 
btance.  The  force  diminishes  in  the  same  ra^o ;  or,  speaking 
stuentifieally,  it  i'«  inverteli/  as  the  square  of  the  diatanee  trom 
its  origin. 

Ijght  is  a  radiating  force ;  and  this  law  may  be  proved  of  J 
light  in  a  simple  i 


Fig.  G, 
n  at  tho  distance  of  one  yard  Irom  acandle-iianicaboard 
j;  s  surface  of  1  square  foot ;  at  another  yard  distance 
I  u  boai'd  of  a  surface  of  4  aquai'e  feet ;  at  another  yard 
T  off  agiun,  a  board  of  9  square  feet  superficies.     The 
bw  cast  liy  the  first  board  will  exactly  cover  the  second, 
'"lat  br  the  second  will  cover  the  third.     The  distance  of 
it  board  being  1.  that  of  the  second  is  2,  the  square  of 
1  is  4,  the  number  of  feet  of  surface ;  that  of  the  third 
Ethe  Btpiure  of  ivliich  is  9  in  Hke  manner. 
aoB  ehnn's  thr'  progressive  separation  of  the  rays.     W4  J 
f  nest  demonstrate,  by  means  of  a  photometer,  that  the  in-  I 
■y  of  the  Kjjht.  diminishes  in  precisely  the  same  proportion.  1 
3  the  force  of  gravitation  be  measured  at  1  inch,  1.  1 
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foot,  1  yard,  or  1  mile.  At  twice  the  distance  it  is  |th,  at  3 
times  j^th,  at  4  times  -^th,  at  5  times  -^th,  decreasing  in  the 
ratio  of  the  number  given  by  multiplying  the  distance  into  itself. 

Thus  a  falling  body  is  attracted  with  greater  force  the 
nearer  it  approaches  the  earth.  Thus  also  the  Sun  exerts  more 
influence  over  the  planets  that  are  near  than  those  that  are 
far  off  from  it.  This  tendency  is  beautifully  balanced  in  our 
system  by  the  great  increase  in  bulk  of  the  planets  that  are 
far  off.  Venus,  Mars,  and  the  Earth,  which  are  near  to  it,  are 
small  in  size.  Jupiter,  Saturn,  and  Uranus,  at  a  much  greater 
distance,  are  also  very  much  larger.  Jupiter  is  more  than 
2000  times  larger  than  Mars ;  so  that  the  immense  weight  of 
this  planet  compensates  for  the  loss  of  gravitation  incurred  by 
its  distance  from  the  Sun.  It  is  supposed  also  that  the  attrac- 
tion of  this  large  mass  for  the  other  planets  acts  as  a  balance 
to  that  of  the  Sun. 

It  is  by  various  mathematical  calculations  founded  on  the 
law  of  gravitation,  that  the  astronomer  is  enabled  to  calculate 
what  the  weight  of  a  body  would  be  on  the  surface  of  any  of 
the  planets,  or  the  Sun ;  he  can  determine  also  the  quantity  of. 
matter  contained  in  the  Sim,  or  any  planet  having  satellites, 
and  find  the  density  of  that  matter. 

Newton  stated  that  the  same  body  would  weigh  twenty- 
three  times  as  much  on  the  surface  of  the  Sun  as  on  that  of 
the  Earth,  but  that  the  Earth  had  a  density  four  times  greater 
than  that  of  the  Sun. 

The  recent  discovery  of  the  planet  Neptune  has  given  a 
striking  confirmation  of  the  universal  truth  of  the  Newtonian 
law.  It  was  observed  by  astronomers  that  the  planet  Uranus 
was  subject  to  some  slight  deviation  from  the  prescribed  course 
of  a  certain  portion  of  his  orbit.  Two  astronomers,  French 
and  English,  Leverrier  and  Adams,  assumed  at  the  same  time, 
as  the  result  of  their  several  calculations,  the  existence  of 
another  large  planet,  the  mass  of  which,  by  attracting  Uranus, 
operated  as  the  disturbing  cause.  They  at  once  pointed  out 
the  exact  spot  of  the  heavens  at  which  this  planet  ought  to  be 
found  at  a  certain  time  indicated.  To  this  point  telescopes 
were  directed,  and  Neptune  was  foimd. 

Weight. — It  will  now  readily  be  understood  that  what  we 
call  the  weight  of  a  body  is  the  force  with  which  it  gravitates 
towards  the  earth.    It  is  supposed  that  this  gravitating  force 
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is  in  exact  proportion  to  the  real  mans :  that  is  to  eay,  that 
all  tLloma  are  attracted  equally  by  the  earth,  but  in  heavy  bodien 
the  atoms  are  closer  together  than  in  light  ones.  "We  can 
nnderstand  that  a  sack  of  feathers  contains  no  more  atoms  than 
a  lorap  of  lead ;  but  the  latter  occupies  far  less  bulk  for  the 
same  weiglit,  because  ita  atoms  ore  close  together.  The  dif-^ 
ferent  degree  in  which  equal  bulks  of  matter  are  attracted  con- 
stitates  what  is  called  specif,  grainly. 

Weight  may  be  estimated  by  means  of  a  pair  of  scales. 
This  consists  simply  of  a  horizontaJ  beam  suspended  iVom  the 
centre.  At  each  end  a  scale  may  be  hung,  keeping  the  weight 
on  each  side  equal.  Place  now  in  one  scale  some  standard 
weight,  OS  an  ounce  or  a  pound.  The  weights  on  each  side 
are  now  unequal,  and  the  seale  on  that  side  will  bo  lowered  as 
much  as  the  beam  will  ijermit.  Any  body  to  be  weighed  is 
now  to  be  placed  in  the  other  scale.  If  it  weigh  leas  than  a 
pound,  no  alteration  in  the  scales  will  occur,  the  other  scale 
being  drawn  towards  the  earth  with  the  greatest  force.  If  it 
weigh  a  pound,  equilibrium  is  exactly  restored  ;  both  scales 
graritate  equally,  and  the  beam  becomes  horizontal.  If  it  be  ■ 
heavier  than  a  pound,  the  scale  opposite  the  atnndard  weight  i 
goes  down ;  and  the  exact  weight  of  the  body  may  be  nscer-  j 
liiincd  by  adding  smaller  weights  in  the  opposite  scale  nntil 
both  poise  equally. 

As  all  matter  is  equally  attracted,  it  follows  that  eqnal 
weights  of  different  bodies  should  fall  with  equal  velocity. 
But  we  know  that  a  sack  of  feathers  will  not  fall  so  quickly  as 
a  lump  of  lead.  This  is  on  accoimt  of  the  resistance  offered 
lij'  the  atrousphere,  which  inereasfls  in  proportion  to  the  but- 
fiins  of  the  talhng  bo<ly.  This  may  be  proved  by  the  common 
eatporiment  of  the  feather  and  sovereign  under  the  boll  glass 
nf  llu'  air-pump.  In  a  vacuum  (a  confined  space  from  which 
air  hnfi  been  withdi'awn),  the  heavy  and  the  light  body  fall 
with  equal  velocity. 

li^t  bodies  tend  to  rise  or  float  in  heavier  liquids  in  obedi- 
ence to  the  force  of  gravitation.  The  air  being  heavier  than 
the  hydrogen  gas  in  a  balloon,  is  drawn  below  it  by  the  earth  ; 
i.t.  thp  bftUoon  rises.  Wood  being  of  less  gravity  than  water, 
SoBts  on  the  surfiiee  when  plunged  in  it ;  while  a  leaden  bullet 
will  sink,  for  the  opposite  reason.  But  mercury  is  heavier 
tbaa  lead ;  and  the  bullet  will  tioat  on  the  surface  of  that  liquid. 
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Weight  is  one  sense  may  be  said  to  consist  in  pressure.  All 
gravitating  bodies  press  downwards  towards  the  centre  of  the 
atisracting  mass.  The  force  of  this  pressure  depends  upon  the 
weight.  Thus  a  heavy  body  presses  down  a  light  body  placed 
beneath  it,  and  may  crush  it.  By  estimating  the  amount  of 
pressure  on  the  hand,  or  the  muscular  exertion  required  to  lift 
a  body,  its  weight  may  be  roughly  ascertained. 

It  has  been  shown  that  the  force  of  gravitation  diminishes 
considerably  at  a  distance  fix)m  the  attracting  mass.  A  body 
weighed  at  the  level  of  the  sea,  weighs  less  if  carried  up  in  a 
balloon,  or  taken  to  a  mountain-top ;  for  then  it  is  further  off 
from  the  centre  of  the  earth.  A  substance  weighing  1000 
pounds  at  the  sea-level,  loses  two  pounds  of  its  weight  on  being 
ctoied  up  a  mountain  four  miles  high ;  but,  the  scales  and 
weights  being  equally  affected,  a  balance  of  a  peculiar  nature 
would  have  to  be  used  to  ascertain  this  loss.  It  is  calculated 
that,  at  1656  miles  from  the  earth's  surface,  a  body  would  lose 
half  its  weight.  At  the  north  or  south  pole  a  substance  is 
somewhat  increased  in  weight,  because  nearer  to  the  centre  of 
the  earth,  which  is  flattened  at  the  polei^.  The  surface  at  the 
latitude  of  London  is  nearer  to  the  centre  of  the  earth  than  at 
the  equator.  Thus,  if  a  ship  sail  fuU  laden  from  St.  Thomas's 
Islana  to  London,  the  increase  in  the  weight  of  her  cargo  may 
be  such  as  to  cause  danger.  But  at  the  poles  the  weight  is 
greater  still.  These  things  are  not  unimportant,  but  have  a 
bearing  on  more  than  one  practical  matter ;  among  others,  on 
the  regulation  of  the  pendulum.  It  is  of  paramount  import- 
ance that  this  instrument  should  be  always  of  the  same  length ; 
but  as  the  weight  of  the  bob  varies  at  different  latitudes,  it 
causes  the  pendulum  to  be  somewhat  longer  towards  the  poles 
than  it  is  near  the  equator. 

Specijlc  gravity, — This  is  comparative  weight,  that  is,  the 
weight  of  a  certain  bulk  or  measure  of  a  body,  compared  to 
that  of  the  same  bulk  of  another  body.  By  common  consent, 
distilled  water  is  regarded  as  the  standard  of  comparison.  A 
pound  of  lead  and  a  pound  of  water  have,  of  course,  the  same 
weight.  But  a  cubic  foot  of  lead  weighs  eleven  times  as  much 
as  a  cubic  foot  of  water.  Water,  being  the  standard  of  com- 
parison, is  unity.  Water  being  1,  sulphur,  which  is  twice  as 
heavy,  is  2;  marble,  2|  times  as  heavy,  stands  2*5;  dia- 
mond is  3-5,  tin  7*3,  iron  7*5,  copper  8-7,  silver  10*5,  lead 
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sreury  13'5,  gold  19,  platinnni  20.  Taking  the  veigl 
t  certain  bulk  of  water,  and  multiplying  it  bj-  one  < 
%C8e  nuBibera,  we  obtain  the  weight  of  the  same  hulk  of 
the  body  whose  specific  gravity  is  indicated  by  that  number. 
As  a  cubic  foot  of  water  weighs  very  nearly  1000  ounces,  we 
can  roughly  estimate  the  weight  of  a  cubic  foot  of  any  &  " ' 
w  liquid  by  multiplying  its  specific  gravity  by  1000. 

The  mode  in  which  the  specific  gravity  of  sohds  is  eatimatei 
ie  simple  and  ingenious.  The  ancient  philosopher  Archimed 
is  Boid  to  have  discovered  it  suddenly  when  taking  a  bath  one 
day,— a  discovery  which  cansed  bim  great  joy,  as  it  enabled  bim 
to  determine  that  the  gold  crown  of  Hiero,  Iring  of  Syracuse, 
bad  been  adulterated  with  baser  metal — a  problem  that  h 
for  some  time  baffled  all  his  eldll. 

A  solid  suspended  in  water  occupies  the  space  of  a 
water  equal  in  bulk  to  itself.  It  is  buoyed  up  by  the  liqui 
STDund  it  with  the  same  force  which  previously  sustained  thi 
quantity  of  water.  It  is  therefore  diminished  in  weight  by 
the  weight  of  its  bulk  of  water.  "We  first  weigh  a  solid  in  the 
•idr.  If  heavier  than  water,  so  that  it  will  sink,  we  next  attach 
3  of  the  pans  of  a  pair  af  scales,  and  weigh  it  whe^S 


1  in  water, 


represented  in  fig.  ' 


Fig.  7. 

iting  thifl  weight  from  the  former,  the  loss  nprtsmiU  H 
t  of  an  eqtial  bulk  of  viater.    The  calculation  is  nOT  ^ 
3.    Aa  the  weight  of  this  bulk  of  water  is  to  the  weight 
B  body  in  air,  so  is  1  to  the  specific  grovity  of  the  body. 


I 
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Thils,  if  a  Ruineji,  weifrha  in  the  air  129  grninB,  by  be>M 
mcrsed  in  water,  it  weighs  only  121| ;  divide  then  the  1H 
the  loet  weight  7^,  and  the  result  is  nearly  18  ;  thus  it  is 
guinea-gold  is  nearly  eighteen  timee  heavier  than  'water, 
the  specilic  gravity  were  IB  or  more,  then  the  gold  would  be 
very  fine ;  hut  if  1 7,  or  less,  then  it  would  be  too  much  alloyed, 
and  not  worth  the  etandard  price. 

If  the  BoKd  body  be  lighter  than  water  (hb  a  piece  of  oorit 
or  wood),  it  is  attached  to  a  hca\'y  body,  the  weight  of  which 
in  water  ia  known,  and  then,  suspended  in  the  same  maimer. 
Subtracting  from  the  result  the  weight  of  the  heavy  body  ia 
water,  we  obtain  the  weight  of  the  light  body  in  water,  oad 
have  next  to  divide  its  weight  in  air  by  that  sum. 

There  are  two  ways  of  taking  the  specilie  gravity  of  liquids. 
The  first  ia  very  simple.  A  glaas  bottle  full  of  water  is 
weighed ;  and  the  weight  of  the  empty  bottle  being  anhtracted 
fiwm  the  result,  we  have  the  weight  of  the  water.  The  same 
bulk  of  the  liquid  is  now  "weighed  in  like  manner ;  and  its 
weight  being  divided  by  the  weight  of  the  water,  we  have  il« 
specific  gravity.  Small  stoppered  bottles  are  made,  which  hold 
exactly  1000  grains  of  distilled  water.  The  liquid  being 
weighed  ia  such  a  one,  we  have  its  speeific  ^ 
gravity  at  once  without  further  calculation.     It  {| 

will  be  found  that  this  bulk  of  oil  of  vitriol  will 
weigh  1845  grains;  its  specific  gravity  therefore 
is  1-845.  The  specific  gravity  of  alcohol  ia  ■794, 
of  ether  '735,  of  oil  of  turpentine  -991.  These 
last  are  thus  lighter  than  water. 

An  instrument  called  an  arfometer  or  hydrometer  I 
is  employed,  as  aaving  much  trouble.     Itf 
form  is  represented  in  fig.  8-     It  may  be  a 
glass  or  metal,     fielow  is  a  small  ball  weighted  I 
with    mercury ;     connected  by  a   nan 
with  this,   a  larger  ball    containing   a 
this,  agmn,  a  hoUow  aeulcd  tube,  containing  a  gra- 
duated scale.     This  instrument  sinks  in  dtatilled  | 
water  to  a  certain  level,  which  is  marked  i 
the  scale  ;  if  the  liquid  examined  be  hghter  than 
water,  it  sinis  proportionally  lower;  if  heavier      iFig.  8. 
than  water,  being  then  buoyed  up  with  a  greater  force,  it  nses 
ttigher.     So,  by  remarking  the  degree  on  the  scale  whicli  is 
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opposite  the  level  of  the  surface  of  the  liquid,  w( 
lain  its  specific  gravity. 

The  specific  gravity  of  gases  is  taken  in  the  at 
as  that  ,jiist  explained  in  the  case  of  liquids.  Atmospherio 
tar  is  biiken  aa  the  standard.  A  glass  vessel  full  of  air  is 
weighed,  at  the  temperature  of  60°  and  ordinary  barometric 
pressure.  This  veBsol  is  now  eshaosted  by  means  of  an  air- 
pTUiip,  It  is  next  filled  with  the  gas  on  which  the  experiment 
is  to  he  made,  proper  means  being  taken  to  exclude  air.  The 
Tefiael  is  now  again  weighed ;  and  the  v^ight  of  tbe  gas  may 
be  compared  with  that  of  the  air  weighed  before.  Hydrogen 
gas,  wbith  ia  lighter  than  air  (air=l  or  I'OOO),  baa  a  specific 
gravity  of  0-0694 ;  carbonic  acid  ia  heavier  than  air,  1'529. 

It  may  seem  a  difficult  thing  to  take  the  specific  gravity  of 
the  whole  mass  of  the  earth  itself;  yet  this  ha.^  been  done 
in  the  following  manner. 

Cavendish  first  determined,  in  the  most  accurate  manner,  the 
attnwtion  eKerted  on  a  light  body  by  a  large  mass  of  lead. 
The  attractive  force  of  the  lead  was  then  compared  with  that 
of  the  earth,  the  bulk  of  the  lead,  and  that  of  the  earth  itself, 
being  known.  The  specific  gravity  of  the  earth,  as  compared 
to  that  of  lead,  was  flius  determined.  Cavendish  arrived  at 
the  result  that  the  mean  density  of  the  earth  was  5-48  times 
aa  much  as  that  of  water. 

Centre  of  gravity, 

^  'ery  connected  mass  of  atoms  of  matter  has  a  certain  poinfi^ 
ftboat  which  all  the  other  parts  balance  or  have  equilibrium, 
which  point  is  called  the  centre  of  gravity.  By  this  point  the 
mass  may  be  lifted ;  or  if  supported  on  it  (that  is,  tbe  weight 
counteracted),  the  mass  or  body  is  at  rest.  This  point  has 
always  a  certain  position  in  any  given  body  ;  therefore  the  part 
may  be  known  about  which,  in  every  position,  the  mass  will 
have  equilibrium.  It  ia  the  only  point  in  the  mass,  on  eveiy 
^e  of  which  the  atoms  gravitate  equally.  Hence  the  principles 
«£  mathematical  science  supply  methods  in  every  case  to  find 
the  centre  of  gravity. 
If  we  place  a  stick  across  a  finger,  the  part  where  it  boloneee 
finger  wiH  be  the  centre  of  gravity.  In  a  ring,  tl " 
of  gravity  does  not  esist  in  the  ring  itself,  but  in  tl 
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Fig.  9. 


centre  part,  where  the  particles  of  which  it  is  constituted 
would  balance. 

If  we  take  a  painter's  palette  and  let  it  hang  freelj  by 
the  edge  in  its  longest  direction,  and 
then  drop  a  plummet  with  a  line,  the 
centre  of  gravity  will  be  in  the  line 
that  touches  the  surface  of  the  palette, 
as  on  this  line  it  will  balance  (fig.  9). 
Turn  it  sideways,  let  it  hang  freely, 
and  again  drop  the  plummet  and  line, 
so  as  to  form  another  line  in  which 
the  palette  will  balance.  Then,  as  it 
is  found  to  be  in  both  these  lines,  the 
centre  of  gravity  desired  to  be  known 
is  at  the  point  where  they  cross  each 
other. 

To  find  geometrically  the  centre  of  gravity  of  a  triangle, 
ace  (fig.  10),  draw  a  Ime  from  atob,  and  from  c  to  d,  bisect- 
ing the  opposite  side ;  it  wiU  balance  on  either  of  the  two 
lines,  and  the  centre  of  gravity  is  in  both  the  lines,  at  the  point 
/,  where  they  intersect.  Moreover, 
a/=s  ^  a  b,  therefore  taking  a  line 
from  one  angle  bisecting  the  opposite 
side,  and  having  measured  off  from 
the  angular  point  a  distance  of  two- 
thirds  of  its  length,  we  find  the 
centre  of  gravity  of  a  triangle. 

Among  solid  figures  it  is  evident 
that  those  will  stand  most  firmly 
which  have  the  broadest  base,  as  in 
them  the  centre  of  gravity  must  be  low, 
the  lower  part  outweighing  the  upper.  ^ig- 10. 

If  we  attempt  to  overturn  any  substance  in  the  form  of  a 
P3n:amid,  we  find  that  its  centre  of  gravity  has  to  be  lifted 
considerably,  and  also  the  whole  mass  of  which  it  is  com- 
prised. In  fact,  according  to  the  breadth  of  the  base  of  the 
body,  compared  with  the  height  of  the  centre  of  gravity  above 
it,  will  be  the  rise  of  the  centre  of  gravity — ^which  will  be 
more  easily  comprehended  by  the  following  diagrams.  Fig.  11 
represents  a  pyramid,  in  which,  from  the  breadth  of  the  base, 
the  centre  of  gravity  is  low :  if  this  had  to  be  turned  over  so 


A^ 


^to  be  snpported  oa  tlie  part  s,  the  uoutro  of  gravii 
nld  describe  the  part  of  the  eircle 
Bhewn  by  the  dotted  line,  a  circle  of 
which  a  is  the  centre.  The  greater 
the  distance  that  the  centre  of  gravity 
ia  from  s,  the  greater  will  be  the  riee, 
and  the  refiistance  to  the  lifting  fore*. 
The  line  marked  by  the  plummet  ia 
called    the   line   of    direction   of    the 


la  fig.  12  the  hose  is  also  broad,  and 
therefore  firm,  from  the  centre  of 
gravity  having  to  be  considerably  raised  Fig.  II, 

before  the  body  can  be  overturned. 

In  Sgs.  13  >&  14,  the  commencing  path  of  the  cinile  described, V 
by  the  centre  of  gravity  is  not  so  perpendicular  as  i 
^Jopaer  figures;  and  therefore  they  are  less  steady  on  their  baitee,  f 


Fig.  12.  Fig.  i3. 

In  fig.  15.  from  the  narrow  base,  and 
tiiehighposition of  the  centre  of  gravity, 
die  slightest  movement  would  m^e  it 
fall,  as  the  motion  described  by  the 
dotted  line  must  be  descending. 

fig.  1 6  shows  a  stable  position  on  one 
■ide,  and  an  unstable  one  on  the  other ; 
fbr  the  sustaining  base  is  actually  nar- 
rowed: thclineof  direction  fulling  within 
the  angle  formed  hy  a  line  from  the 
centre  of  gravity  to  the  comer  of  the 


Fig.  14, 
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base,  the  body  is  still  supported ;  but  if  moved  over  to  the 
right  side,  the  centre  of  gravity  would  bo  lowered,  and  the 
body  soon  fall. 

In  fig.  17  the  line  of  direction  falls  beyond  the  base :  its 
position  is  unstable ;  and  therefore  the  object  falls. 


Fig.  16.  Fig.  17. 

Fig.  18  is  an  oval  body,  which  when  on  a  level  plane  and 
moved,  the  centre  of  gravity  will  describe  a  curve  like  that  of 
a  pendulum,  returning  to  its  former  position,  but  not  turning 
over. 

Fig.  19  is  an  oval  on  one  end ;  and  if  moved  either  on  one 
side  or  the  other,  as  the  motion  of  the  centre  of  gravity  is 
downwards,  it  will  fall. 


Fig.  18. 

A  globe  or  ball  (fig.  20),  when  on  a  level  plane,  is  supported 
on  a  single  point;  but  as  in  every  position  the  centre  of 
gravity  would  be  at  the  same  distance  &t)m  the  sustaining  point> 


CENTBI  OP  OBATITT, 

it  has  no  tendency  to  move.     When  it  is  moved,  the  c 
desoribeB  the  straight  line  a  b.     The  eqiiihbrium  in  thit 
receives  the  term  indifferent,  as  it  makes  no  attempt,  on 
moved,  to  returo  to  its  former  position,  or  move  trom  that  li 
which  we  place  it. 


Fig.  31. 

oce  a  ^ralking-stick  on  the  edge  of  a  table  a  b  (fig.  2 
,t  it  would  fall  if  left  to  itself ;  attach  to  it  a  weight  e 
' ;  place  a  rod  e  against  one  end  of  the  stick  and  the  t( 
of  the  weight,  which  rod  must  be  of  such  a  length  as  to  push 
the  weight  a  httle  tindemeath  the  edge  of  the  table  ;  and  the 
whole  will  rest  steadily  in  their  positions.  The  cord  being  out 
of  the  vertical,  no  lateral  motion  can  be  given  to  the  weight 
without  raising  the  centre  of  gravity  of  the  system :  the  stick 
in  falling  must  turn  round  the  edge  of  the  table ;  in  so  doing 
it  will  describe  tho  dotted  part  of  a  circle  g,  liiling  the  centre 
of  gravity  in  the  arc  h  ;  now  as  theweight  is  heavier  than  the 
stick,  this  is  against  the  laws  of  gravity  ;  hence  equilibrium  is 
preserved. 

If  a  cart  or  coach  bo  loaded  so  high  that  its  centre  i ' 
gravity  is  at  a  considorahlo  he^ht  &om  the  base,  a  Blight 
inclination  on  either  side,  throwing  the  line  of  direction  o 
iiide  the  wheels,  will  cause  the  vehicle  to  be  overturned. 

In  the  human  body  the  centre  of  gravity  must  be  directly 
above  the  points  of  support,  which  are  the  feet.  If,  there- 
fore, wo  take  a  load  on  our  backs,  we  bend  forwards,  so  that 
the  centre  of  gravity  may  be  above  the  point  of  support ;  or 
in  taking  a  weight  in  the  arms,  ivo  lean  backwards.  If  i 
wish  to  stand  very  firmly,  we  widen  the  base  by  placing  t 
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logs  at  a  greater  distance  and  turning  out  the  t 
walking  on  wooden  legs  or  stiltM  requirea  practice,  aa  H 
flcuit  to  preserve  an  equilibrium  in  so  unstable  a  podtat 


I 


Fig  Lufl      g  1  w     a     arat 


1  looking  at  the  ancient  statue  of  Heicules,  the  feet  nxe 
II  turned  out,  giving  an  appearance  of  strongth  and  finn- 
BGM.  In  that  of  Uorcuiy,  where  swiftness  is  the  object  to  be 
personified,  the  feet  are  nearly  straight,  and  the  toes  only 
touch  the  ground. 

The  towor  at  Saragossa  (fig.  22)  overhangs  its  base  several 
feet ;  bnt  the  tenacity  of  its  material  holds  it  together,  and  its 
centre  of  gravity  is  preserved. 


30  MATTER  AXD  ITS  PR0PEBTIE8. 

The  London  Monument  inclines  much,  as  also  do  several 
tall  church  spires.  But  the  broad-hased  Pyramids  of  Egypt, 
of  all  human  monuments  the  most  enduring,  hold  their  position, 
on  no  such  feeble  tenure,  and  seem  likely  to  stand  for  ever. 

Cliemical  Attraction, 

This  kind  of  attraction  is  quite  distinct  from  those  ordinary 
forces  which  have  just  been  considered,  and  is  not  usually  con- 
ceived to  be  within  the  scope  of  Natural  Philosophy.  In  ordi- 
nary physical  attraction  the  masses  of  matter  drawn  together 
are  not  altered  in  nature  by  the  force  exerted ;  but  in  chemical 
attraction,  two  (or  more)  atoms,  or  bodies,  unite  together  to 
form  a  third  substance  perfectly  distinct  from  both.  The  force 
by  reason  of  which  they  unite  is  also  called  affinity.  Two 
gases — ^hydrogen  and  oxygen — unite  to  form  water ;  a  corro- 
sive acid,  united  with  a  hard  metal  and  oxygen  gas,  will  form 
a  mild  salt.  Thus  this  force  is  not  a  simple  attraction,  but  an 
attraction  that  results  in  union,  and  causes  change  of  nature. 

It  is  found,  however,  that  the  atoms  of  what  we  call  dif- 
ferent substances  wiU  not  cohere  and  unite  indifferently,  as 
atoms  of  the  same  kind  do,  there  being  singular  preferences 
and  dislikes  among  them,  if  it  may  be  so  expressed ;  and  when 
atoms  of  two  kinds  do  combine,  the  resulting  compound  gene- 
rally loses  all  resemblance  te  either  of  the  elements.  Thus, 
sulphuric  acid  will  unite  with  copper,  and  form  a  beautiful 
translucent  blue  salt ;  with  iron  it  will  form  a  green  salt ;  and 
if  a  piece  of  iron  be  thrown  into  a  solution  of  the  copper  salt, 
the  acid  will  immediately  let  fall  the  copper,  and  take  up  or 
dissolve  the  iron.  Sulphuric  acid  will  not  unite  with  or  dis- 
solve gold  at  all.  Quicksilver  and  sulphur  unite  in  certain 
proportions,  and  form  the  paint  called  vermilion;  in  other 
proportions  they  form  the  black  mass  called  Ethiop's  mineral. 
Lead  and  oxygen  gas  from  the  atmosphere  form  together  what 
is  called  red  lead,  used  by  painters.  Sea-sand,  or  flint,  and 
the  salt  called  soda,  when  heated  together,  unite  and  form  that 
most  useful  substance  called  glass.  Certain  proportions  of 
sulphur  and  of  iron  combine,  and  produce  those  beautiful  cubes 
of  pyrites,  or  goldlike  metal,  which  are  seen  in  slate.  Chemi- 
cal attraction,  operating  thus,  does  not  in  the  slightest  degree 
interfere  with  general  attraction  or  gravity ;  for  every  chemical 
compound  weighs  just  as  much  as  its  elements  taken  separately. 


CHsaeu.  jirrxAoxios, — ^refulsioh. 


Bepulsion, 

&  property  of  matter,  this  ia  just  the  opposite  to  attrac- 
tion. Attraction  ia  the  force  by  which  the  atoms  of  matter 
are  drawn  towards  each  other,  Kepulaion  is  a  forc-c  hj  meana 
of  which  they  are  repelled  or  drivea  asimder  from  one  anothtir, 

Many  eases  of  so-called  repiilaiiMi,  are  siiaply  instonoes  of 
diminished  attraction.  The  particlCB  of  gas  attract  one  another; 
but  still  they  are  not  dose  together,  and,  when  compared  to 
the  atoms  of  a  liquid  or  soKd,  they  are  said  to  he  in  a  condition  j 
of  mutuiJ  repulsion.  It  is  apparent  that  this,  though  true  a 
a  comparative  statement,  is  not  strictly  the  case. 

In  much  the  same  manner,  an  ahsence  of  adhesire  a 
between  two  different  solids,  is  commonly  termed  repulsion. 
The  partitles  of  water  in  a  drop  of  dew  have  no  attraction  for 
the  wasen  smface  of  a  leaf,  or  for  the  oily  feather  of  a  duck's 
back.     Thoir  mutual  cohesion  is  thus  left  to  operate  undis- 
turbed, and  it  causes  them  to  gather  into  the  form  of  a  globe. 
By  taking  proper  care,  a  fine  needle  may  be  floated  on  the 
Borface  of  still  water,  being  protected  from  sinkiEg  by  a  thin 
coating  of  grease,  which  adheres  to  it,  and  which  has  uo  attrac-  ^ 
titm  for  the  water.     Air  has  an  attraction  for  glass ;  and  bar 
meter-tubes  are   sometimes  spoiled  by  the  air  creeping  u 
between  the  mercury  and  the  tube. 

Glass,  too,  has  an  attraction  for  water;  but  it  has  n 
mercury.  If  a  plate  of  glass  be  dipped  vertically  into  wata 
(fig.  24),  the  liquid  will  at  length  rise  slightly  on  each  side  a 
the  plate,  by  virtue  of  its  at- 
tmction.  But  if  the  same  glass 
be  plunged  in  mercury  (flg.  25 ), 
the  reverse  is  the  case. 

The  mercury  does  not  ad- 
here to  the  glass,  and,  being 
left  to  ita  own  cohesive  ten- 
dency, ia  dcjiresaed  on  each 
ndo,  assuming  a  curxrilinear 
outline,  which  is  a  segment  of 
a  circle ;  for  all  liquid  bodies,  '^' 

left  to  their  own  cohesion,  tend  to  the  spherical  form:  this 
ia  well  seen  when  any  liquid  drops  through  the  air  ii 
aaaws.     A  segment  of  a  small  sphere  is  shown  by  the 
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of  mercury  in  a  glass  tube  of  drcnlar  bore  (fig.  26).     It  ii 


E 


fig.  25. 
commonly  said  tliat  the  glasa  rejieh  the  mercuiy;  however,  it 
simply  has  no  adheaion  for  it,  aad  leaves  it  to  its  own  cohesion. 
Other  instanccH  of  anch  repttltion  are  easily  pointed  out.  Oil 
has  no  attraction  for  water.  A  glass  rod  greased  wiU  cause 
the  suT&ce  of  water  in  which  it  is  dipped  to  be  depressed.  If 
the  wires  of  a  fine  sieve  be  oiled,  water  will  not  ran  through 
it.  Mercury  will  not  flow  through  mushn.  If  a  hand  be 
dusted  with  Lyct^odium,  it  may  be  dipped  in  water  without 
being  wetted. 

Heat,  one  of  the  imponderable  agents,  la  a  most  potent 
cause  of  repulsion,  or  diminished  attraction,  causing  the  parti- 
cles of  bodies  to  become  looaer  in  their  cohesion,  and  thus  to 
separate  more  and  more  from  one  another.  Thus  heat  is  said' 
to  cause  repulsion;  and  cold,  which  is  the  absence  of  heat, 
favours  cohesion.  Solid  ice,  when  heated,  becomes  water,  a 
Uquid ;  water,  when  further  heated,  becomea  steam,  a  gas 
which  occupies  1700  times  the  bulk  of  the  water  from  which 
it  is  formed.  Gases,  when  heated,  expand  more  and  more  as 
their  particles  fly  asunder.  Matters  which  expand  under  the 
influence  of  heat,  expand  with  force,  so  as  to  make  it  seem 
probable  that  the  repulsion  caused  by  heat  is  a  real  and  active 
repulsion,  and  not  merely  the  negative  of  cohesion.  Iron 
eipanda  when  heated,  and  contracte  when  cold,  in  both  cases 
with  great  force ;  ao  that  the  iron  beams  of  buildings  and 
bridges  may  bring  the  structure  to  the  ground,  if  core  bo  not 
token  to  guard  againat  the  effect  of  hot  and  cold  weather. 
"Water,  when  heated  above  the  boiling-point,  will  burst  any 
vessel  in  which  it  is  confined,  unless  it  be  of  enormous  strength. 


Or  &  closed  bladder  placed  before  the  fire,  or  tightly  eorted 
bottle  placed  among  rod-hot  coals,  will  burst  by  the  expansion 
of  the  cotttiiiiied  sir. 

Heat,  thtm,  is  the  great  causa  of  repoIsioE  between  the 
porticIoB  uf  matter.  Another  cause  (of  repulsion  as  well  as 
attraction  under  certain  conditions)  is  dectrieitj.  Of  theao 
imponderable  agents,  separate  mention  will  be  made  in  th« 
latter  part  of  this  volume. 

^^B  CH-iPTEB,  n. 

^^^  UOTION  ASD  FOBCSS. 

I  Mof !on,  4-c. 

MoTio.v  signifieg  a  change  of  place  ;  everything  is  either  at  rest 
or  in  motion. 

Uotion  esiats  in  tbe  heavens  and  the  earth  ;  by  it  we  have 
day  and  night,  heat  and  cold,  rain  and  sunshine,  tides  and 
tempests,  life  and  sonnd ;  in  fact,  without  it,  all  would  be  silence, 
coldiicfls,  and  death, 

VarioiiB  kinds  of  motions  are  to  be  distinguished : — 

Common  Motion  is  that  in  which  we  participute  with  other 
ubjectfi ;  thus,  on  the  earth's  taming  on  its  axis  duly,  and 
revotviflg  round  the  sun  annually,  we  unconsciously  move  with 
it ;  no  calmly  majestic  is  this  motion,  that  few  think  they  are 
on  the  surface  of  a  body  turning  round  at  a  rate  of  nearly  one 
thousand  miles  an  hour,  and  advaacing  in  a  drcle,  at  the  same 
time  round  the  sun  with  a  velocity  of  68,040  miles  every  hour, 
or  nineteen  siiles  every  second  of  their  existence. 

Thus  it  is  that,  when  motion  is  easy  and  regular,  we  are 
insensible  of  it  from  partaking  of  that  of  the  object  in  or  on 
whieh  wc  move,  and  from  thia  cause  it  was  long  before  pbUo- 
aopber.s  onuld  convinue  the  popular  mind  that  the  earth  actually 
w«s  in  motion. 

In  a  carriage  moting  along  a  smooth  road,  and  the  blinds 
rlown,  a  person  is  unaware  of  his  actual  progress. 

In  a  ejibin  of  a  ship,  when  sailing  at  a  quick  rate,  the  motion 
of  progreas  or  direction  is  unknown ;  Ibe  waves  are  heard 
flopping  against  the  ship's  sido,  but  whether  the  vessel  be 
Boring  slowly,  quickly,  or  at  all,  connot  be  stated  by  the 
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passenger.  When  sailing  with  the  shore  in  yiew,  the  light'* 
houses,  churches,  and  trees  behind,  seem  receding,  and  ti^ose 
in  advance  coming  forward,  as  if  to  welcome  our  visit.  When 
a  ship  at  sea  sails  as  quickly  as  another,  to  the  persona  on 
board  the  ships  seem  to  make  no  progress ;  if  one  ship  passes 
another,  the  people  in  the  ship  left  behind  think  they  are  at 
rest,  and  the  other  vessel  only  in  motion ;  while  to  those  on 
board  the  swifter  vessel  the  other  appears  to  be  receding. 
This  all  shows  how  insensible  we  are  to  the  motion  in  whidi 
we  participate,  and  how  the  senses  may  be  deceived  thereby. 

When  passing  through  a  tunnel  on  a  railway,  or  shut  up  in 
a  carriage,  we  are  unconscious  of  a  change  of  place.  On 
moving  swiftly  in  a  railway  carriage,  and  looking  steadily  at 
an  object,  the  landscape  seems  as  if  it  was  reeling  round  in  an 
eddy,  and  the  horseman  on  the  road  looks  as  if  he  and  his 
galloping  steed  strove  in  vain  to  progress,  and  to  be  whirling 
swiftly  backwards.  Thus  sight  is  deceived,  and  seeing  is  not 
believing. 

Helative  Motion  is  that  of  a  body  that  is  in  motion  witb 
regard  to  one  thing  and  at  rest  with  regard  to  another.  Thus, 
if  a  man  be  on  a  barge  sailing  down  the  river,  and  walk  from 
the  stem  to  the  stem  at  the  same  rate  as  the  tide  is  carrying 
the  barge,  he  will  be  in  motion  relatively  to  the  barge,  but  at 
rest  as  respects  the  bottom  of  the  river  or  its  banks. 

Absolute  Motion  applies  to  the  heavenly  bodies,  includii^ 
our  own  earth :  it  is  the  movement  from  one  part  of  space  to 
another.  By  judging  the  sun  to  be  a  fixed  body,  the  motion 
of  the  earth  is  taken  relatively  to  it ;  but  the  sun,  says  Sir 
John  Herschel,  has  an  independent  motion  of  its  own  of 
422,000  miles  per  day,  carrying  with  it  the  planets  and  comets. 

Peters  states  that  the  sun,  attended  by  all  its  planets,  satel- 
lites, and  comets,  is  sweeping  through  space  with  a  velocity 
which  causes  it  to  pass  over  a  distance  equal  to  33,350,000 
miles  in  every  year. 

M'aedler,  after  a  profound  examination,  has  arrived  at  the 
conclusion  that  the  central  sun  in  our  astral  system  is  Alcyone, 
the  principal  star  in  the  group  of  the  Pleiades,  and  that  this  is 
the  centre  of  gravity,  around  which  the  sun  and  stars  com- 
posing our  system  are  all  revolving:  The  distance  of  our  sun 
from  Alcyone  is  said  to  be  so  great,  that  light  requires  537 
Tears  to  pass  from  the  one  to  the  other^  and  t^iat  it  would  take 


18,000,000  years  for  our  sun,  with  all  its  planets,  Batellites,  . 
and  comets,  to  complete  one  revolution  around  its  grand  centre. 

Rapid  Motion  is  auoh  as  light,  elcctridty,  or  lightning. 

Light  travels  about  192,000  miles  in  a  Heoond,  and  therefore 
would  pasa  around  the  gloho  eight  times  during  that  small 
portion  of  man's  mode  of  measuriiig  periods.  Yet  hght  from 
a  nebnla,  that  may  he  seen  by  the  naked  eye,  though  travelling 
at  a  rate  of  12,000,000  of  miles  in  a  minute,  takes  (10,000 
fears  to  accomplish  its  journey  to  our  globe. 

Electricity,  as  in  the  telegraph,  speeds  at  the  rate  of  2S5,000 
miles  in  a  second;  hence  would  perfonn  its  journey  nearly 
twelve  times  around  the  earth  in  that  fraction  of  iaae. 

Slom  Motion  is  such  as  the  growth  of  plants  and  animals, 
the  motion  of  the  hour-pointer  on  the  clock,  or  the  shadow  on 
a  sua-dial. 

Rtctiliniar  Motion  means  that  "which  is  in  a  straight  line. 
Thus,  a  body  that  moves  in  a  direct  line  to  a  certain  place  is 
said  to  have  a  rectilinear  motion,  A  stone  dropped  to  the 
ground  is  an  instance. 

Curvilinear  is  a  bent,  arched  Motion ;  as  when  water  is 
pumped  from  a  flro-cBgine;  a  stone  cast  Hlantingly,  for  then  it    < 
does  not  go  straight,  bat  is  continually  changing  its  direction.    | 

Uniform  Motion  is  when  a  body  passes  over  a  certain  space    ] 
in  a  certain  time,  and  conUnues  to  do  so  with  regularity.     The    ' 
seconds,  minute,  and  hour-pointers  of  the  clock  do  so  in  the 
particular  parts  of  the  circles  to  which  they  are  adapted. 

Aetelerated  Motion  is  when  a  body  increases  in  rapidity  as  it 
progreascs.  A  stone  down  a  mountain  increases  in  speed  as 
it  atlvanoca  towards  the  bottom ;  a  railway-troin  down  an  in- 
clined plane  will  start  slowly,  but  rush  with  impetuous  velocity 
as  it  gains  the  bottom  of  the  iiLcline. 

lUtartled  Motion  is  when  a  moving  body  becomes  slower  and 
■lower  in  action  as  it  advances.  A  ball  cast  along  a  pavement 
iUustrates  tliis ;  or  a  stone  thrown  upwards  into  the  air,  which 
moTDs  less  and  less  quickly  until  it  stops,  and  then  commences 
its  descent. 

Inertia  or  InaHivit!/  of  Matter. 

All  matter  ia  said  to  resist  a  change  of  state,  from  rest  to 
motion,  or  from  motion  to  rest ;  and  thia  resistance  of  a  body  at 
ictt  to  being  put  in  motion,  or  of  a  "body  in  motion  to  be  stopped  ^ 
nd  net,  is  called  the  inertia  of  matter.     It  signifies  simpls 
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the  pergistenee  of  matter  to  retnam  as  it  is,  and  tlit?  neceesity  of 
fomt  to  produce  a  phange  of  any  kind,  edther  oa  to  its  mofjcai 
or  direction.  Matter  at  rest  reeists  any  force  applied  to  mova 
it.  Matter  in  motion  teads  to  move  for  ever,  and  reeista  »ny 
force  applied  to  stop  it. 

In  a  railway-carriage,  on  the  commencement  of  motion,  a 
jerk  or  tug  ia  given,  when  every  one  is  thrown  backward ;  thifl 
ariBee  from  the  body  being  at  rest,  and  resisting  the  commence- 
ment of  motion,  which  ia  communicated  suddenly ;  and  if  the 
train  be  quickly  stopped,  the  body,  which  then  has  gained  the 
motion  of  the  carriage,  is  still  advancing,  and  is  thrown  forward. 

When  standing  in  a  boat  which  is  heaved  oif  from  the  shore, 
the  feet  are  dragged  away  with  the  boat,  but  the  body  b«ng 
at  rest,  falls  towards  the  shore,  resisting  the  motion ;  when 
the  boat  suddenly  stops,  the  passengers  are  thrown  forwac^ 
from  the  same  reason  as  given  in  the  case  of  the  carriage. 

Br.  Amott  relates  that  a  young  man  unpractised  in  dnybig, 
having  nm  his  curricle  against  a  heavy  carriage  on  the  road, 
foolishly  and  dishonestly  excused  his  awkwardness  in  a  way 
which  led  to  his  father's  prosecuting  the  coachman  for  fiirious 
driving.  The  youth  and  his  servant  both  gave  evidence  that 
the  shock  of  the  carriage  threw  them  over  their  horses'  heads, 
and  thus  they  lost  their  cause,  by  unwittingly  proving  that  the 
faulty  veloci^  was  their  own, 

A  conductor  jumping  from  an  omnibus  in  motion,  as  soon  as 
he  tnuehea  the  ground,  mas  forward  a  few  steps,  beoauae  hia 
body  having  the  forward  motion  of  the  vehicle,  it  must  be 
continued  until  he  gets  clear  of  it,  otherwise  he  would  fall 

A  person  may  jump  from  a  moderately  high  cart  or  carriage 
at  rest  without  injury;  but  when  they  are  in  motion,  if  he 
attempt  to  jump  in  the  opposite  direction,  he  is  dashed  on  the 
ground.  Wius,  a  person  may  step  out  of  a  railway-carriage 
at  rest  without  injury,  but  when  in  rapid  motion  it  would  be 
almost  sure  death ;  the  velocity  of  the  carriage  being  conveyed 
to  the  body,  it  meets  the  earth  with  all  that  force. 

A  person  sitting  carelessly  on  a  horse,  and  the  animal  re- 
ceiving a  blow,  fiwm  which  it  starts  suddenly  forward,  the 
rider  finds  himself  on  terra  fifTna.  Matter  in  a  state  of  rest, 
as  the  equestrian's  body,  resists  an  attempt  to  move  it. 

At  an  amphitheatre,  when  standing  on  the  back  of  a  gaOop- 
ing  horse,  the  performer  will  leap  over  a  garter 


janan  oaused  bt  vobcb, 


In  doing  so  he  only  leaps  up 
1  of  the  horee,  he  goea  forward  at 
its  back:  were  he  to  add  force  to  this 
progreesiTe  motion,  he  woald  leap 
over  the  horse's  head.  Matter  in 
motion  tends  to  peraist  in  that 
motion.  A  ball  thrown  from  the 
hand  would  move  onwards  in  the 
same  direction /or  ever,  were  it  not 
that  the  force  of  gravitation  draws 
it  downward. 

If  n  card  he  balant^ed  on  the  tip 
of  a  finger,  then  a  coin  placed  on 
the  eanl,  and  the  latter  receive  a 
smart  tap,  it  will  fly  away,  leaving  the 


Fig.  27. 

on  the  finger-end   ' 
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qtiantity  of  mattery  so  is  the  quantity  of  force  required  to  give 
diiferent  bulks  the  same  velocity. 

If  a  quoit  of  one  pound  be  pitched  ten  yards,  it  will  require 
double  the  force  to  pitch  one  weighing  two  pounds  the  same 
distance. 

If  a  ball  be  thrown  carelessly  at  a  mark,  its  motion  is  com- 
paratively slow  to  what  it  would  be  if  the  hand  were  drawn 
back,  and  the  ball  driven  with  the  utmost  force  of  the  person ; 
for  according  to  the  force  is  the  motion  produced. 

To  move,  then,  a  heavy  body  as  quickly  as  a  lighter  one 
requires  increase  of  force.  If  a  muskct-baU  and  a  cannon-ball 
have  to  move  over  the  same  space  of  ground  at  the  same  time, 
the  atoms  of  matter  in  the  cannon-ball  will  require  pounds  of 
gunpowder  to  the  ounce  required  to  move  the  comparatively 
few  atoms  of  the  musket-baU. 

The  same  force  applied  to  different  quantities  of  matter 
moves  them  in  proportion  to  their  weight.  A  man  in  a  racing 
skiff  passes  over  a  great  space  with  rapidity.  The  same  man, 
exerting  the  same  amount  of  strength,  and  towing  a  barge, 
moves  more  slowly ;  and  when  tugging  at  a  ship  with  all  his 
might,  his  progress  is  infinitesimal. 

Laws  of  Motion, 

Law  1 . — ^The  first  law  of  motion  was  laid  down  by  Kepler,  th© 
great  predecessor  of  Newton :  it  is,  "  That  a  body  will  continue 
in  a  state  of  rest,  or  of  uniform  motion  in  a  straight  line,  until  it 
is  compelled  to  change  its  state  from  some  form  impressed  upon 
it . "  This  means,  that  a  body  will  continue  at  rest  if  force  be  not 
used  to  move  it ;  and  that,  when  moved,  every  thing  would  move 
straight  forward  and  uniformly,  if  some  power  was  not  applied 
to  bend  its  motion,  or  stop  it  entirely.  It  is  in  fact  the  law  of 
inertia,  and  has  already  been  explained  under  that  head. 

A  body  once  set  in  motion  would  never  stop,  did  not  Motion, 
gravity,  or  resistance  of  the  air  oppose  it,  and  restore  it  to  rest. 
A  stone  flung  into  the  air  would  move  on  for  ever,  if  the  air 
did  not  resist  its  progress,  and  gravity  bring  it  down  to  the 
earth.  A  marble  rolled  amongst  grass,  on  a  gravel  path,  a 
smooth  pavement,  or  on  ice,  has  a  proportionate  progress; 
moving  an  immense  distance  on  smooth  ice  to  what  it  would 
on  grass,  because  it  has  less  friction  to  overcome  on  the  ice 
than  the  grass. 
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Were  there  no  such  things  aa  friction,  gravity,  or  resistance 
of  atmoaphere,  there  would  be  no  leaaon  why  a  thing  once  put 
in  motion  should  not  ao  continue  for  ever,  and  thus  have  per- 
petual motion. 

Law  2, — The  second  law  of  motion  is  due  to  Newton  ;  it  is, 
*'  That  every  change  of  motion  is  in  proportion  to  the  force  that  ■ 
makes  the  change,  and  in  the  direction  of  ihat  straight  line  i|H 
vhicfa  the  force  is  impressed."  ^| 

A  football  may  receive  a  kick,  sending  it  in  a  direct  Hne<^| 
bnt  another  person  gives  it  a  hlow  which  tarns  it  out  of  its 
path,  and  changes  its  direction.  When  a  force  acts  on  a  body 
in  motion,  it  produces  the  same  eifect  as  if  it  acted  on  a  body  at 
real.  This  new  force,  if  along  with  that  previously  eating, 
prodnoes  an  intermixed  result,  by  what  is  called  compowiiion  o^| 
moHon.  1H 

According  to  the  charge  put  into  a  gun,  so  will  be  the  di^H 
atance  to  which  a  bullet  will  be  driven,     But  when  the  builefr" 
is  discharged,  gravity  acta  upon  and  pulls  it  to  the  earth,  ond 
thoa  its  direction  is  changed  from  a  straight  to  a  curved  line. 

Law  3. — To  Gcaiileo  we  owe  this  law,  whioh  is,  "  That  action 
and  reaction  are  alwaya  equal  and  in  opposite  directions."         h 

Thus,  if  an  anvil  he  struck  by  a  hammer,  it  resists  withijH 
force  equal  to  the  hlow.  When  a  tennis-lmll  is  struck  agains^| 
a  woJI,  the  wall  resists  with  equal  force,  and  drives  it  bac)^| 
again,  in  an  opposite  direction.  ■ 

A  horse  dragging  a  load  is  drawn  back  with  force  equal  tofl 
the  weight  of  ttie  load.     That  is,  if  a  horse's  strength  be  equalfl 
to  one  ton,  and  a  we^ht  of  one  ton  be  placed  for  him  to  I 
dnv,  this  weight  will  hold  him  back;    but  if  his  strength 
be  two  tons,  he  loses  one  ton  of  it  by  the  weight,  and  with 
faia  other  ton  of  strength  drags  it  onward  ;  again,  if  he  pro- 
gMSa  two  miles  an  hour  with  the  one  ton,  exerting  himself  as 
much  without  the  weight,  he  would  advance  four  miles  an 
hour. 

If  a  man  in  a  boat  pall  another  boat  towards  him,  and  the 
boats  he  of  equal  weight,  they  vriil  meet  exactly  half-way. 

It  i»  by  the  resistance  of  the  water  against  the  oar  that  tl 
boat  ia  moved  on  its  journey. 

A  bbd  flying  atrikos  the  air  with  ite  wings  ;  if  with  foro 
eqoal  ta  ils  weight,  it  keeps  itself  in  its  position;  if  with  les 
tarcQ  it  sinks,  and  if  with  greater  force  it  rises. 
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If  we  step  an  a  qnieksand  we  sink,  bectose  ibieie  is  no  eqnal 
resistance  to  oar  pressure ;  .but  on  the  earth  the  resistanoe  la 
equal  to  onr  pressure,  and  therefore  we  feel  safe  and  steady. 

Compofition  €*f  Forcf*. 

When  one  force  acts  npon  a  body,  it  moves  in  the  diiectioii 
of  that  force ;  but  when  two  forces  act  at  the  same  time,  as  it 
cannot  move  two  ways  at  once,  it  takes  a  middle  conrae,  and 
this  path  is  called  the  resultant  or  tquirahni ;  that  is,  it  is  the 
result  of  a  compositioti  of  force*. 

If  a  vessel  has  a  strong  east 
wind  that  would  blow  it  to  the 
west,  with  a  current  firom  the 
south  which  would  cairv  it  to 
the  nortby  and  these  two  forces, 
tiie  wind  and  current. act  equally, 
the  veasd  neither  goes  to  the 
north  nor  to  the  west,  but  takes 
a  middle  course  between  them, 
which  is  called  the  diagonal :  and 
in  this  case  the  diagonal  will  be 
that  of  a  square,  the  equal  sides 
of  which  represent  the  two  equal 
forces  {^.  29). 

When  the  two  forces  acting  on  a  body  are  not  equal,  then 
its  motion  is  difTerent.  according  to  their  degrees  of  strength. 

Here  the  current  is  not  so      ^ 
powerful  as  the  wind,  and  the  .^Nr— 
vessel  is  impelled  so  much  fur-      p\ 
ther  in  the  direction  of  the  wind 
than  in   the   direction   of  the 
current.    The  long  aide  of  the 
parallelogram  represents  the  cur- 
rent, the   short    side   the  loss 
powerful  wind.     The  resultant 

motion  is  shown  by  the  diagonal  of  the  figure.     This  is  the 
parallelogram  offortifs  {^f:,  SO), 

(A  parallelogram  is  a  piano  figure  whose  opposite  sides  are 
parallel  and  equal  to  one  another.) 

Scientific  men  call  such  forces  compouents ;  that  is,  the  two 
go  to  make  one,  and  this  one  is  the  resultant ;  they  can  calcu- 
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Fig.  30. 
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late  them  to  a  nicety :  and,  as  of  all  laws  of  natiire,  make  than 
a  mathematical  certainty.  They  find  that  a  resullani,  force  io* 
as  the  square  root  of  the  united  squares  of  the  two  component 
forces.  Suppose  the  force  of  the  wind  would  take  the  vessel 
eight  miles  an  hour,  and  the  current  six  miles  an  hour, — square 
these  powers ;  8  times  S  are  64,  and  6  times  6  are  36 ;  then 
Sddtbe  numbers  ti^ether— 64  and  36  are  equal  to  100, — tnke 
filosquare  root  of  100,  which  is  10,  so  that  the  Teasel  has  gone 
by  the  two  force*  10  miles  in  the  hour,  which  is  more  than  it 
would  have  done  by  either  of  the  forces  separately,  for  with 
one  it  would  only  have  gone  six  miles,  with  the  other  only 
d^t  miles.  This  rule  is  true  only  when  the  two  forces  are  at 
right  angles  to  one  another. 

When  two  forces  are  almost  in  opposite  directions,  which 
may  be  illustrated  by  opening  a  pair  of  compasses  almost 
straight,  then  the  result- 
ant line  is  very  short, 
which  proves  that  two 
such  forces  tend  to  destroy 
each  other. 

Should  three  or  more 
forces  in  different  direc- 
tions act  on  a  body,  then 
the  resultant  line  can  be 
found  thus : — 

Here  are  three  forces, 
IB. AC  and  An  (fig.  31); 
the  resultant  of  a  b,  a  c  is 
firat  fbnnd  in  the  manner 
before  stated,  which  will 
be  the  dott«J  line  ; 
then  the  forces  a  D  an 
resultant  of  the  three  forces. 

Veheittf. 

liitonffity,  not  quantity,  of  motion  is  meant  by  velocity.  " 
Velocity,  or  swiftness,  is  measured  by  the  time  employed  in 
moving  over  a  certain  space.     Thns,  if  a  cannon-ball  move 
about  1000  feet  in  a  second,  and  a  railway-engine  about  100 
feet  in  the  same  time,  the  ball  has  ten  times  the  velocity  o'  ' 
Iheei^ine. 


Fig.  31. 

F  will  give  the  line  a  e 


which  is 
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It  has  been  shown  that  every  atom  of  matter  is  equally 
attracted  or  pulled  to  the  earth  ;  yet,  if  a  shilling  and  a  feather 
be  dropped,  the  difference  in  their  velocity  or  swiftness  in 
reaching  the  ground  is  considerable :  but  this  arises  from  the 
atoms  of  which  the  feather  is  composed  being  more  expanded, 
and  the  resistance  of  the  air  causing  it  to  fall  slowly ;  take 
away  the  air,  as  can  be  done  by  an  air-pump,  and  the  feather 
and  coin  will  fall  with  almost  equal  rapidity.  If  a  sovereign  was 
beaten  out  into  a  thin  leaf,  the  resistance  of  the  air  would 
prevent  it  reaching  the  ground  with  the  same  velocity  as  when 
in  the  form  of  a  coin.  Thus,  velocity  is  retarded  or  diminished 
by  the  resistance  of  the  atmosphere. 

Momentum, 

The  term  momentum  is  used  to  signify  the  quantity  of 
motion  that  a  body  has  accumulated  within  itself,  and  is  in 
proportion  to  its  velocity  and  mass  of  matter.  Momentum 
depends  on  the  law  of  inertia.  A  body  that  has  acquired, 
motion  tends  to  continue  in  that  motion,  and  resists  any  ob- 
stacle or  attempt  to  stop  it,  in  proportion  to  its  weight,  and 
the  velocity  it  has  acquired. 

The  motion  given  by  force  can  be  communicated  from  one 
body  to  another,  in  quantity  equal  to  that  which  it  possesses. 
Thus  a  person  may  roll  a  cannon-ball  from  his  hand  against  a 
thick  piece  of  timber,  and  the  momentum  not  being  much,  the 
timber  receives  little  injury.  If  the  ball  be  fired  at  a  distance, 
it  will  bruise  and  splinter  the  wood ;  but  if  fired  at  a  short 
distance,  it  will  pass  through  it. 

We  commimicate  momentum  to  a  hammer  in  driving  a  nail, 
but  a  greater  one  when  we  fix  a  stake. 

A  great  velocity  given  to  a  small  body  may  equal  in  effect  a 
less  velocity  given  to  a  large  one.  Thus  a  battering-ram  does 
no  more  than  a  cannon-ball.  A  cannon-ball  28  lb.  weight, 
passing  at  a  rate  of  1072feet  per  second,  would  equal  a  battering- 
ram  of  15,000  lb.  weight  moved  at  two  feet  per  second.  This 
is  calculated  by  multiplying  the  weight  by  the  space  passed 
over  by  the  ram,  equal  to  30,000  ;  this  again  is  divided  by  the 
weight  of  the  ball,  28,  and  the  velocity  necessary  for  the  ball 
is  thus  known, — nearly  1072  feet  per  second. 

A  light  body  with  increased  momentum  will  strike  as  power- 
fully as  a  heavier  one  having  less  momentum  or  velocity :  thus 


3  3  lb.  weight  irith  a  momeatum  of  300  feet  per  seooa* 
tstrike  with  as  much  force  as  a  30  lb.  ball  driven  at  a 
■  4^30  feet  per  second. 

Aa  velodty  ia  attained  by  thtj  act  of  falling,  we  fir 
Becessary  to  lay  down  heavj'  weights  gontly.  If  a  bo 
100  lb.  weight  was  placed  easily  down  on  a  floor,  no  iii_ 
would  acome ;  but  Ji'  dropped  at  a  height  of  an  inch  and  3 
quarter,  tho  momentum  would  make  it  fall  with  a  weight  fl 
200  lb. ;  if  at  five  inches,  with  a  force  of  400  lb. 

To  such  an  increasing  force  as  this  the  term  momentum  jt 
also  applied,  though  somewhat  irregularly.  In  this  sense  | 
Hignifios  a  velocity  conlinually  inereaeing  by  a  force  aoHtiiviaJJ\ 
aetinif.     This  is  also  called  an  acceleration  of  motion. 

If  a  bny  throw  a  cricket-ball  up  in  the  air  10  feet  high, 
and  catch  it  in  his  hands,  he  does  not  feel  any  particular  hurt ; 
if  he  cast  it  upwards  20  feet,  he  receives  a  good  smart  blow 
on  its  retimi ;  and  if  30  feet  high,  he  has  to  ease  the  blow  o£._ 
the  ball  by  giving  way  ta  it,  or  otherwise  his  hands  might  b 
bruised. 

A  ball  dropped  from  the  hand  at  tho  height  of  the  head,  i 
ea«ly  caught  by  the  time  it  reaches  the  breast ;  but  tho  lower 
it  gela,  tho  more  difficult  it  is  to  catch.  A  person  may  spring 
trom  a  chair  and  feel  no  harm  ;  in  leaping  from  a  high  window 
he  may  receive  a  sprain  or  a  brok<.>n  bono ;  hut  in  jumping 
from  a  house-top  he  would  probably  be  killed. 

Tailing  bodies,  every  moment  they  are  descending,  ci 
more  velocity  and  momentum. 

If  a  person  be  on  the  top  of  a  hill  or  mountain,  and  m 
large  stone  over  its  side,  it  goes  the  flrst  few  feet  heaitatingl  jJ 
as  if  with  reluctance ;  but  gradually,  as  it  proceeds,  its  motioB 
is  increased  to  great  rapidity,  until  it  has  rolled  beyond  thaS 
toot  of  tho  mouataitt,  along  the  plains  below. 

A  horse  in  kicking  draws  its  leg  np,  and,  as  the  space  it 
has  to  pass  throngh  adds  to  the  velocity,  is  enabled  to  inflict 
ftigbttul  injury.  Bosers  keep  their  arms  far  back,  that  they 
may  give  a  powerful  blow  when  striking  at  arm's  length. 
Anchor- smiths,  in  wielding  a  blow,  swing  tho  hammer  round, 
that  it  may  have  accelerated  power  in  forming  the  ponderous 
Enstrmnent  that  tuts  to  grapple  with  tides  and  storms.  In  pile- 
driving,  a  weight  is  pulled  up  to  a  great  height,  and  let  full,  to  ■ 
force  the  beam  into  the  bed  of  the  river. 
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The  distance  a  bullet  may  be  sent  depends  much  on  the 
length  of  the  barrel,  or  the  space  in  which  force  may  be  acca- 
mulated.  The  clever  deer-hunters  and  pigeon-shooters  in 
America  use  enormously  long-barrelled  rifles. 

The  velocity  gained  by  going  down  a  steep  incline  will  cause 
a  body  to  rise  up  an  opposite  acclivity.  If  a  horse  with  a  cart 
be  driven  fast  down  hQl,  the  momentum  acquired  will  assist 
him  in  mounting  the  ascent  beyond. 

A  monkey  drops  a  cocoa-nut  from  a  height,  that  its  shell 
may  be  broken.  Some  birds  drop  shell-flsh  on  rocks,  that 
they  may  feast  on  the  food  inside. 

Velocity  of  Falling  Bodies, 

It  has  been  just  stated  that  when  a  body  is  let  fall  from  a 
height,  as  the  attraction  of  gravitation  is  continually  acting,  so 
the  velocity  increases  every  instant.  By  accurate  calculations, 
it  is  found  that  the  increase  is  exactly  as  the  odd  numbers  1, 
3,  5,  7,  9,  &c. ;  that  is,  in  one  second  of  time  a  body  fiaUs 
through  16  feet  of  space ;  in  the  next  second,  it  passes  through 
three  times  16  feet,  that  is,  48  feet ;  in  the  third  second,  its 
progress  is  five  times  16  feet,  or  80  feet ;  in  the  fourth  seoond* 
seven  times  16  feet,  or  1 12  feet :  thus  the  whole  of  the  spaee 
passed  through  in  four  seconds  will  be  16,  48,  80,  and  112 
feet,  which,  added  together,  is  256  feet. 

The  rule  deduced  from  this  is,  "  The  spaces  described  by  a 
body  falling  freely  from  a  state  of  rest  increase  as  the  squares 
of  the  times  increase."  The  seconds,  that  is  "the  tunes," 
multiplied  by  themselves,  give  "  the  squares,"  and  this  result 
multiplied  by  sixteen,  that  is,  the  space  described  by  the  first 
second,  the  answer  will  be  the  number  of  feet  through  which 
the  body  has  fallen  in  a  certain  number  of  seconds.  The 
square  of  2  being  4,  in  two  seconds  the  body  will  have  fallen 
64  feet ;  for  a  similar  reason,  in  four  seconds  256  feet  will  be 
traversed.  On  dividing  the  distance  by  16,  and  taking  the 
square  root  of  the  result,  the  time  employed  is  represented- 
Heights  can  be  roughly  measured  by  this  rule. 

Were  a  weight  dropped  from  a  pillar,  and  the  time  of  its 
falling  to  be  three  seconds,  then  multiply  three  by  three,  which 
is  nine,  and  multiply  again  by  sixteen,  the  result  vrill  be  144 
feet — the  height  of  the  pillar. 

A  stone  dropped  down  a  well  or  mine,  and  the  time  of  its 


s  or  itonoir. 

falling  being  found  by  a  watch  to  be  four  sectinds,  fonr  t 
four  is  equal  to  sixteen,  which,  multiplied  by  sixteen,  t 
depth  of  the  well  or  mine  will  be  256  feet. 

The  real  distance  a  body  falls  in  a  second  is  16  feet  1  im 
but  the  use  of  a  whole  number  is  less  confusing  to  tho  co 
prehension  than  when  fractional  parts  are  mtrodnced. 

Everything  would  fall  with  the  same  velocity,  were  it  not 
that  the  reeistance  of  the  atmosphere  acts  more  on  one  body 
than  upon  another.  If  this  were  not  the  case,  a  feather  would 
fall  as  rapidly  bb  a  bullet. 

Bejlejnon  of  Motion. 

A  ball  or  a  marble  being  driven  in  a  perpendicular  lioffl 


Fig.  32, 

Bguinst  a  wall,  tho  reaction  of  the  wnll  will  cause  it  to  r 
tad  in  tho  same  line  as  it  proceeded  towards  tbe  wall. 
i  ball  bo  bowled  obliquely,  on  hitting  a  point  it  will 
"  'q  a  similarly  oblique  line,  in  an  opposite  direction. 
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The  ball  thus  thrown  by  the  boy  at  a  (fig.  32)  hits  the  wall  at 
c,  and  then  progresses  towards  the  boy  at  dy  formmg  as  equal  an 
angle  on  one  side  as  on  the  other,  which  may  be  known  by 
drawing  a  straight  line  j&x)m  the  point  of  the  wall  where  the 
ball  hit.  The  angle  formed  by  the  line  indicating  the  direction 
of  the  ball  and  by  the  perpendicular  dotted  line  from  the  point 
of  contact  is  called  the  angle  of  incidence ;  and  the  angle  of 
reflexion  is  the  angle  contained  between  the  same  perpendicular 
dotted  line,  and  the  line  drawn  representing  the  path  of  the 
ball  after  it  has  rebounded  from  the  wall.  It  is  a  general  law, 
that  these  two  angles  are  equal  to  each  other.  It  will  after- 
wards be  seen  that  this  rule  applies  as  much  to  a  ray  of  light 
as  to  a  line  of  force. 

Reaction, 

The  law  of  reaction  has  been  laid  down  in  law  3 ;  but  the 
following  examples  will  assist  in  elucidating  the  subject : — 

On  board  our  men-of-war,  there  are  contrivances  for  the 
recoil  of  the  cannon  that  are  fired,  for  the  cannon  receives  as 
much  momentum  as  the  ball;  but  the  momentum  being 
distributed  through  the  large  mass  of  the  cannon,  it  is 
more  easily  arrested  than  the  smaller  mass  of  the  cannon- 
ball. 

Most  persons  have  felt  the  blow  of  a  gun  on  firing  it  when 
not  placed  tightly  against  the  shoulder.  By  having  it  placed 
to  the  shoulder,  there  is  the  greater  mass  to  receive  the 
momentum  caused  by  the  recoil. 

A  vessel  chasing  a  smuggler  retards  her  motion  in  firing  her 
bow  guns,  while  the  smuggler  quickens  hers  by  firing  her  stem 
cannon. 

An  elastic  body  jdelds  to  pressure,  but  strives  to  resume  its 
former  shape.  Thus,  a  piece  of  cane  when  bent  endeavours  to 
gain  its  former  straightness. 

If  a  row  of  billiard-balls  be  placed  in  contact,  and  another 
ball  be  driven  against  the  first  one,  the  driven  ball  stops,  but 
it  communicates  its  motion  to  the  next,  which  again  transfers 
it  to  its  neighbour,  and  so  on,  until  the  last  baU  having  no 
other  to  communicate  it  to,  flies  off  with  the  motion  of  the 
ball  that  took  up  its  place  before  the  first  one. 

The  second  ball  has  stopped  the  first  by  its  inertia,  but  the 
immediate  reaction  causes  the  motion  it  has  arrested  to  be 
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cammunicawd  to  itself.     Instaiicos  of   LIub  kind   might  be 
multiplied  olmoBt  iadefisitelj^. 

On  the  continual  alternation  of  action  and  reaction,  depends 
the  familiar  phenomenon  of  the  vibration  of  elastic  soHds,  as 
of  a  piece  of  wood,  steel,  or  boU-motal. 

Centrifugal  Furee. 

It  has  been  Been  that  the  tendency  of  all  mnttor  in  motion 
13  to  move  in  a  straight  line,  and  that  when  it  docs  not  do  so, 
Bome  power  acts  upon  it  and  preventa  it.     The  earth  has  ft  < 
motion  nearly  in  a  uircle  around  the  sun ;  ita  tendency  is  to  J 
fly  off  in  a  straight  line,  but  it  is  prevented  from  doing  bo  hy   ' 
the  attraction  of  the  sun,  which  is  in  opposition  to  the  inertia, 
or  persistence  o£  matter  in  todtion.     This  tendency  to  move 
sway  in  a  straight  line,  ia  called  the  eetitrifw/al  or  eentre-flj-ing 
force. 

A  plummet  fastened  to  a  string,  and  whirled  ronnd,  makes 
tt  constant  effort  to  more  in  a  straight 
line;  butfrombeingheld  toacentre 
every  morement  is  bent;  cut  the 
string,  and  it  will  dart  off  in  a  direct 
line,  which  is  a  tangent  to  its  cir- 
cnlar  motion.  This  plummet  may 
be  taken  to  represent  the  earth,  and 
the  string  which  prevents  it  from 
flying  off,  the  attraction  of  the  sun. 
The  motion  of  a  wheel  round  a,  fixed 
centre  or  ajds  is  explained  in  the 
same  manner  (fig.  33). 

Supposing  a  rotatory  o 
body  of  circular  or  other  shape,  and  this  body  hove  s 
moveable  particles  loosely  attached  to  it.  these  will  tend 
to  fly  off  irom  it  in  a  straight  liuc  ;  that  is  to  saj-,  they  act 
in  ohedience  to  the  first  force.  All  force  tends  to  cause  motion 
in  a  straight  line.  But  a  second  force,  which  holds  the  firm 
body  to  a  centre,  changes  its  movement  to  rotation.  The 
nioveablo  paitides  not  being  held,  they  fly  off,  as  the  water 
'      1  a  twirling  mop,  and  are  said  to  do  eo  by  centrifugal 

i  a  dog  Comes  out  of  water,  it  thakea  itself,  and  the 
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Fig.  33. 
r  vibratory  motion  to  bo  given  to  a 
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water  flies  off  in  direct  lines.  The  mud  on  a  carriage-whed 
flies  away  in  a  straight  lino  from  different  parts. 

The  potter  makes  use  of  centrifugal  force  to  aid  in  his  nsefol 
handicraft.  A  piece  of  clay  is  placed  on  a  rapidly-moTing 
flat  wheel,  and  the  clay  flattens  out  in  endeavouring  to  move 
from  the  centre ;  with  the  aid  of  his  fingers  and  a  Uttle  tool, 
he  turns  and  moulds  it  as  he  pleases. 

Our  common  window-glass  is  also  by  this  force  manu&e- 
tured  into  sheets.  An  iron  rod,  holding  a  mass  of  molten  glass, 
is  made  to  turn  rapidly  round;  the  glass  is  spread  out  on 
a  table  into  a  thin  round  plate,  from  which,  when  cool  and 
hard,  are  cut  different-sized  panes. 

Centripetal  Force, 

This  means  centre-seeking  force.  It  is  the  power  that 
draws  inward,  towards  the  centre  of  a  circle. 

It  is  the  opponent  of  the  centrifugal  force  which  has  just 
been  illustrated.  It  is  the  string  that  holds  the  plummet,  Ihe 
sun  that  keeps  the  world  in  rotation. 

Though  distinctive  names  are  given  to  these  two  powers,  it 
is  not  to  be  supposed  that  they  differ  in  any  manner  from  other 
kinds  of  force.  The  only  use  of  the  terms  is  in  the  explaiui- 
tion  of  the  phenomenon  of  rotation  round  a  centre,  familiar  to 
us  on  the  earth,  and  exemplified  on  a  grand  scale  in  the 
heavens.  Further,  it  is  simply  when  taken  together,  or  opposed 
to  one  another,  that  the  words  have  any  real  significance.  Cen- 
trifugal force,  alone,  is  motion  in  a  right  line.  Centripetal 
force,  aloiUj  is  attraction. 

The  great  centripetal  force  in  nature  is  the  attraction  of 
gravitation.  This  has  already  been  explained  to  be  the  force 
by  which  all  greater  bodies  attract  lesser  ones,  by  which  our 
earth  draws  to  itself  all  matter  on  its  surface,  and  the  sun 
draws  to  itself  our  earth. 

The  sim  is  the  centripetal  power  which  balances  the  centri- 
fugal motion  of  the  earth,  and  thus  keeps  it  in  its  orbit. 
Were  the  centripetal  force  to  predominate,  the  earth  and  sun 
would  continually  approach  each  other  till  they  became  one 
mass ;  on  the  contrary,  had  the  centrifugal  force  predominated, 
our  sun  by  this  time  would  have  been  of  but  little  use  to  us 
from  its  great  distance. 

K  a  stone  be  placed  in  a  sling,  and  whirled  round  while  the 
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cord  is  bdd,  that  ia  tho  centripetal  force ;  but  when  one  of  thp 
cords  is  let  loose,  the  stone  darts  off  in  a  straight  direction,  and 
that  is  centrifugal  force. 

It  was  formerly  a  favourite  perfonnanco  among  jugglers,  to 
place  a  glass  of  water  in  a  hoop  and  swing  it  round,  then 
restore  it  to  rest  without  spilling  a  drop. 

A  horseman  on  turning  a  sharp  comer  leans  inwarda,  that 
he  may  overcome  the  centrifugal  force,  (',  e.  the  tendency  to 
move  straight  on. 

At  exhibitions  of  horsemanship,  while  riding  round  the 
drcTis,  both  man  and  horse  lean  toward  the  centre,  and  the 
foster  they  go  the  more  they  inelina  inward,  that  their  centri- 
petal position  may  equahse  their  centrifugal  force. 

In  skating,  a  person  describing  a  circle  leans  inwarda  in 
such  a  manner  that  unless  moving  he  would  fall ;  the  motion 
prevents  his  downward  progress,  and  he  wheels  about  in 
graceful  action. 

Two  common  phenomena,  not  in  reahty  so  simple  as  they 
seem,  may  demand  some  esplauation  here — the  rolTmij  of  a 
ball,  and  the  rotation  of  a  top.  Suppose  a  hall,  to  which  ' 
momentum  has  been  given,  comes  in  coutaet  with  the  ground ; 
the  part  which  touches  the  ground  is  hindered  fi^m  moving  on 
by  friction.  The  upper  part  movas  on,  but  being  hindered  by 
the  state  of  rest  to  which  the  lower  part  has  come,  and  kept 
to  it  by  attraction,  it  cannot,  move  in  a  straight  line,  but  its 
momentum  carries  it  onwards  imtil  it  too  touches  the  ground 
at  some  distance  off.  I'ho  part  at  lirst  lowest  has  moved 
round,  and  is  now  uppermost,  and  free  to  move  onwards  in  its 
turn.  Theie  opposite  movements  combine  to  cautic  the  motion 
of  roJling. 

A  circidar  body,  as  a  top,  spinning,  or  rotating  round  its 
axis,  is  a  similar  instance  to  that  of  the  rotation  of  the  earth, 
inssmuch  as  it  results  from  a  compromise  between  the  centri- 
fugal and  centripetal  forces.  The  latter  consists  here  in  the 
mutual  attraction  of  the  particles.  Let  us  consider  the  case. 
In  setting  a  top  going  we  communicate  two  opposite  motions 
to  it,  as  is  easily  discovered  when  we  tiuirl  it  with  the  finger 
and  thumb.  To  one  side  of  the  circle  we  communicate  a 
motion  ui  one  direction,  to  the  other  side  in  the  contrary 
direclion.  The  tendency  of  both  is  to  continue  in  a  right 
line  ;  were  the  top  made  of  loose  material,  this  would  really 
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happen,  and  its  parts  would  flj  asunder,  just  as  we  see  a  heap 
of  sand,  which  has  been  caused  to  rotate  by  a  wind -eddy,  fly 
abroad  in  a  radiating  manner  when  the  gust  has  ceased.  But 
the  particles  of  the  top  are  held  together  to  a  common  centre. 
Each  side  moves  on  in  the  direction  of  the  motion  given  to  it, 
but  being  held  to  this  centre,  it  moves  in  a  circle,  as  the 
plummet  held  by  a  string.  The  opposite  side,  having  acquired 
the  same  motion,  causes  an  exact  balance  of  force,  and  the 
whole  moves  round  its  axis ;  rotation  is  produced,  which  may 
be  called  a  compromise  between  two  opposite  forces  acting  on  the 
same  body.  Each  force  may  be  said  to  have  its  own  way  on 
one  side  of  the  top.  As  all  motion  tends  to  continue  for  ever, 
this  rotation  would  go  on  without  limit,  were  it  not  for  the 
friction  of  the  sides  with  the  atmosphere,  and  of  the  point  of 
the  top  with  the  ground.  If  the  two  rotating  forces  be  suffi- 
ciently strong,  they  may  overcome  the  force  of  gravity,  and 
the  top  will  continue  to  spin  on  its  peg,  whether  or  not  it  be 
exactly  balanced  on  its  centre. 

Motion  of  Projectiles. 

When  a  ball  is  fired  from  a  cannon,  it  is  affected  by  two 
forces ;  first,  the  power  that  drives  it  forward,  and  secondly, 
the  attraction  to  the  earth.  The  force  impelling  it  forward 
may  be  increased,  but  the  power  of  gravity  is  never  decreased. 
Thus,  whether  a  ball  be  driven  in  a  straight  line  one  mile  ot 
two  miles,  it.  reaches  the  groimd  as  soon  at  two  miles'  distance 
as  at  one  mile. 

A  ball  dropped  from  the  mouth  of  a  cannon  would  reach  the 
ground  at  the  same  time,  from  gravity,  as  a  ball  fired  the  di- 
stance of  a  mile  touches  the  earth,  provided  it  were  fired  in  a 
line  parallel  with  the  earth's  surface. 

When  anything  is  forcibly  thrown  forward,  as  a  bullet,  a 
stone,  or  an  arrow,  and  the  direction  given  is  that  of  a  straight 
line,  it  will  be  seen  to  have  taken  a  bent  or  curvilinear  direc- 
tion. If  water  be  forced  from  the  spout  of  a  pump,  according 
to  the  force  given  does  the  water  take  a  short  or  wide  bending 
motion.  The  curve  described  by  any  body  thus  projected,  is 
teimed  by  mathematicians  a  parabola. 

On  firing  a  cannon,  this  bent  motion,  from  gravity,  keeps 
ji^radually  accumulating,  so  that  the  ball  is  continually  ap- 
proaching the  earth,  and  as  more  force  is  applied,  the  sweep 
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of  the  curve  is  enlarged.     If  the  force  was  great  enough  to   1 
carry  the  ball  twenty  milea,  the  curve  would  elongate,  and  if 
fifty  miles  it  would  be  still  larger,  and  so  it  would  go  on  until, 
witii  increased  force,  it  passed  aronnd  the  earth,  and  fonned  a 
perfect  circle. 

Were  it  possible  to  give  a  greater  force  than  would  send  a 
baU  aronitd  the  earth,  it  would  fly  off,  and  become  an  inde- 
pendent body,  lolling  in  space. 

The  motions  of  the  eajlh  and  planets  have  been  already 
irtated  to  arise  &om  the  centrifugal  force  vlth  which  they  ore 
projected  into  space  being  counteracted  by  the  centripetal,  by 
which  they  have  gained  that  curved  motion  which  they  in- 
variably pursue :  but  from  the  forces  not  being  at  right  angles, 
thdr  path  is  not  a  peri'ect  cirelo. 

SuppoBo  9  (fig.  34)to  be  the  sun  - 
and  E  the  earth,  that  the  enrth  is 
projected  with  a.  force  sufficient  to 
send  it  in  u  month  to  f,  while  the 
son  B  attraction  would  bring  it  in  / 

that  space  of  time  to  a,  then  the  / 
two  forces  acting  together  on  the  / 
earth,  cause  it  either  to  fly  off 
tit  a  straight  line  or  to  fall  into 
the  sun  ;  but  being  controlled  by 
each,  continually  striving  to  got 
away  while  held  fast  by  attrac- 
tion, it  proceeds  in  a  circular 
path.     Tlie  attraction  to  the  sun  ^'S-  3^- 

ta  coUe^I  the  centripetal  force,  and  the  foree  with  which,  if 
lUono,  it  would  go  in  a  straight  liae,  the  centriAigal. 

The  PeHdvJum. 

A  weight,  fastened  to  a  piece  of  string  attached  to  a  beam,  , 
and  pullod  to  one  side,  then  let  fall,  will  rise  up  on  the  opposite  i 
Mile  and  deumbe  a  curve.  This  is  from  having,  when  descend- 
ing, received  as  much  accelerated  motion  as  carries  it  ap  the 
uipnfube  side  to  an  equal  height.  Again  descending,  by  virtue 
rf  the  force  of  gravity,  it  rises  np  the  opposite  side  for  the 
ana  reason  as  before-  The  momentum  will  cause  it  to  keep 
«  motion,  until  the  resistance  of  the  air  gradually  h 

I  of  the  curve,  and  it   beconiea  stationary.     Thia  1 
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motion  of  Bwinging  backwards  and  forwards  is  called  vibration 
or  oscillation. 

The  pendulum  is  commonly  a  thin  rod  of  metal  wire,  hung 
from  a  point  a  (fig.  35),  by  a  thin  metal  spring  or  other  con- 
trivance, to  allow  the  pendulum 
to  swing  in  the  proper  curve, 
with  a  weight  at  its  lower  ex- 
tremity, called  the  bob  b.  When 
the  ball  is  raised  to  c,  it  falls, 
by  the  force  of  gravity,  like  a 
ball  rolling  down  a  slope  to  the 
place  at  which  it  was  at  rest,  b  ; 
and  as  all  bodies  have  their 
motions  as  much  accelerated 
whilst  descending,  as  retarded 
when  ascending,  it  arrives  by 
this  reaction  at  n.  Next,  gravity 
pulls  it  back  again  to  b,  with 
accelerated  motion  sufficient  to 
send  it  again  to  c  ;  and  tlms  it  I^'ig-  35.— Pendulum, 

would  go  on  for  ever,  were  there  neither  air  nor  friction  to  act 
as  an  impediment,  and  bring  it  to  a  rest.  From  c  to  d  is  called 
its  path  or  arc.  The  duration  of  an  oscillation  is  the  time 
required  for  passing  along  its  path  or  arc. 

Viewing  the  motion  of  the  pendulum  in  the  parallelogram 
of  the  diagram,  it  will  be  seen  to  act  from  two  forces,  the  ond 
direction  being  that  of  gravity  downwards,  and  the  other  recti- 
linear, in  the  direction  b,  while  the  resultant  of  the  two  forces 
is  a  curve,  which,  if  the  point  of  attachment  above  remains 
fixed,  will  be  the  segment  of  a  circle. 

Whether  a  pendulum  be  long  or  short,  its  beats  are  equal  if 
the  curve  he  a  cycloid,  which  differs  a  little  from  a  circle ;  and 
it  is  this  property  that  constitutes  its  immense  value  to  man. 

The  motion  of  a  pendulum  is  calculated  just  as  precisely  as 
any  other  simple  question  of  arithmetic.  Thus  if  the  motion 
of  one  pendulum  takes  one  second,  and  another  two  seconds, 
the  length  of  the  pendulum  will  be  as  1  to  4 ;  that  is,  the  times 
are  multiplied  by  themselves,  as  three  seconds,  the  length  9 ; 
four  seconds,  the  length  16.  Thus,  then,  the  duration  of  an 
oscillation  being  as  whole  numbers,  the  length  of  the  pendulum 
will  be  as  the  squares. 
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In  London  a  pendulum  wiU  beat  seconds  if  its  length  be  ^ 
trifle  more  than  39  iacheB ;  for  half  seconds  its  length  v 
be  nearly  1(1  inches,  thus  only  itbont  a  fourth ;  ei  quarter  second 
jieudulum  nearly  2i  inches,  four  timea  loss  again.  Then,  for 
a  peudnJum  to  beat  two  seoonds  would  require  one  lour  times 
ns  long  OS  a  seconds'  pendulum.  This  law  will  he  sei 
the  aume  as  that  of  the  speed  of  a  falling  body  increasing  fov 
times  in  two  seconds. 

A  clock  is  composed  of  a  few  wheels  which  are 
round  by  weights  attached,  or  by  a.  spring  in  a  box :  tJie  moYe- 
ment  of  these  wheels  would  be  iri'egular  were  they  not  governed 
by  the  r^ular  motions  of  the  pendulum ;  without  the  pendulum, 
the  hours  would  not  be  pointed  out,  and  the  clock  then  of  little 
use.  The  weight  or  spring  causes  the  movement,  but  its  rate 
depends  solely  on  the  pendulum.  The  pendulum  is  hooked  m 
to  a  part  of  tiie  dock,  and  each  time  as  it  vibrates  it  allows  a 
cog  of  a  wheel  to  pass ;  this  wheel  has  sixty  of  those  cogs 
around  it;  then,  if  the  pendulum  swings  sixty  times  in  one 
minute,  it  just  occupies  that  space  of  tune  in  parsing  round ; 
to  this  wheel  a  pointer  is  fixed,  which  shows  on  the  face  of  the 
dock  sixty  movements  of  seconds,  completing  the  circle  ii 
minute.  The  sixty-cogged  wheel  moves  on  another  wheel  a 
a  slower  rate,  wtuch  ^ows  the  hours  on  the  diaL 
wheels  for  other  purposes  are  sometimes  added,  which  are  a 
oudei'  the  regulation  of  the  pendulum. 

The  length  of  the  seconds'  pendulum  varies  in  diferent  plac 
it  must  ho  a  little  longer  at  Edinburgh  than  in  London ;  for  % 
is  influenced  by  that  universal  principle,  gravity,  as  all  othep^ 
bodies  are.     The  thousandth  part  of  an  inch  in  length  varies 
or  adjusts  its  movements,  to  the  extent  of  a  second  in  a  day. 

At  the  Equator  and  at  the  Poles,  the  different  thickness  of 
the  earth  is  such  aa  to  necessitate  a  difference  of  one-fifth  o~ 
an  inch  in  the  length  of  the  pendulum. 

The  length  of  a  pendulum  must  be  measured  from  fhepoiA 
of  lUKpcrmiun  to  the  eeidre  of  tint  oscillation.  j 

The  invention  of  the  long  pendulum  is  claimed  by  a  Lond« 
artist,  named  Richard  Harris,  who  applied  it  to  a  clock  in  IGll, 
which  is  seventeen  years  bofoic  the  time  that  Galileo  states  he 
directed  one  to  be  made. 

We  have  seen,  in  a  former  part  of  this  work,  that  the  h 
and  cold  of  the  seasons  affect  iron,  and  therefore  must  have  m 


I 


c  column,  espanding  upwaxda 
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influence  on  the  metui  of  tho  rod  of  the  pendnlnm.  To  avfi'I 
this  Dnnsequenoe,  serious  in  mttny  affairs  of  life,  what  is  iralled 
a  gridiron  pondulum  hiui  been  invented,  which  consists  of 
eeroralroda  of  ditferent  metula,  so  adjutitedaB  to  counterbtdanoe 
the  various  ofl'ecta  of  the  seasons. 

Com]iensation  is  effected  in  the  groat  clock  of  tiff  Bojral 
Exchange,  by  the  equivalent  contraction  and  expansion  of  a 
system  of  combined  rods  of  zinc  and  steel;  the  centre  rod  is  of 
steel,  the  whole  length  of  the  pendulum  ;  and  at  the  bottom  of 
the  pondulum,  OS  shown  in  the  figure,  is  placed  the  nine  colnron. 
It  is  evident,  that  as  the  rod  lengthens  downwHrds  by  an  in- 
crease of  heat,  the  column  of  zinc  stundinij  on  Die  mit,  perfectly 
free  of  the  steel  rod,  will  espand  upwards,  On  the  top  of  the 
column  of  zinc  is  fixed  a  metal  cap,  into  which  are  firmly  fixed 
two  steel  rods,  and  at  the  bottom  of  them  is  the  pendulum-bob, 
from  which  it  follows  that  the  bob  bangs  by  means  of  these 
two  rods  from  the  top  of  the  zinc  column,  and  quite  indepen- 
dent of  the  centre  rod.  Thezii 
by  ftn  increase  of  tflmpejature, 
raises  the  pendnlum-bob,  while 
itt  the  same  time  the  rod 
lengthens  by  the  increase  of 
heat.  The  zinc  column  is  made 
shorter  than  the  steel  rod, 
because  zinc  expands  and  con- 
tracts more  than  steel,  for  oqusl 
increase  and  decrease  of  heat. 

When  this  clock  was  required 
to  be  set  to  within  a  fraction  of 
a  second,  it  was  found  that  if 
the  pendidum  were  stopped  by 
hand,  it  would  be  next  to  im- 
possible to  put  BO  large  and 
heavy  a  mass — nearly  four  eirt. 
— in  motion  to  such  a  small  por- 
tionoftime.  Again, the difficnlty 
of  setting  it  to  vibrate  in  the 
same  plane,  aa  well  as  to  give 

theusual  extentof  arc  of  vjbra-  jr^g  3(j —Pendulum.  1 

tion,  rendered  it  irapoasiblo  to  i 

aocompliBh  the  regulation  to  the  required  nicety.     l&iS 


at  onoe  su^estwl  an  ingeniotit  and  simple  mode  of  ovoreoming  I 
"fi  difficulty.     He  directed  that  the  clock  should  be  started  at  J 


F^     7  — Tho  atrasburg  Clo  k 
J  email  losing  rat#,  and  then  that  a  spring  shown  at  a 
38).  should  be  brought  against  tho  pendulum,  by  drawing  a 
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passing  into  the  clock  room,  bo  that  it  might  be  made  to  toudh 
tho  pendulum  slightly,  and  cause  a  corresponding  gain  ia  tllA 
dock.  This  it  does  to  the  rninutest  fraction  of  a  second.  £l 
fact,  it  affords  the  means  of  putting  the  beats  of  a  great  tniret 
clock  and  a  comparing  chronometeT  in  coincidence. 

The  regulation  of  the  pendulum  in  most  clocks  is  effected 
hy  a  screw  at  the  bottom,  which  increases  or  diminishes  the 
distance  of  the  bob  from  the  point  of  suspension. 

The  raoat  remarkable  piece  of  mechanism  worked  by  the 
movements  of  a  clock  is  that  at  Stroaburg,  The  dial-plate 
exhibits  a  celestial  globe,  with  the  motions  of  the  snn,  moon, 
earth,  and  planets,  the  pha^vs  of  the  moon,  and  a  perpetual 
almanac  on  which  tho  day  of  the  month  is  pointed  out  by  a 
statue.  The  first  quarter  of  the  hour  ia  struck  by  a  child  wilh 
an  apple,  the  second  by  a  boy  with  an  arrow,  the  third  by  a 
man  in  his  prime  with  a  staff,  and  the  last  quarter  by  an  old 
man  with  a  crutch.  The  hour  is  heralded  by  an  angel,  who 
opens  a  door,  and  salutes  the  Vii-gin  Mary;  another  angel 
turns  an  hour-glass  on  the  completion  of  the  hour.  A  golden 
cock  at  the  same  time  flaps  its  wings,  and  stretches  its  neck 
to  crow  (flg.  37). 

In  that  useful  companion  to  man,  a  watch,  the  weights  of  a 
Dutch  olock  are  substituted  by  a  spring.  This  spring,  actii^ 
in  all  positions,  enables  the  little  instrument  to  perform  its 
duties  regularly,  in  whatever  way  it  may  be  hung,  laid,  or 
carried.  The  fusee  on  which  the  chain  is  wound  is  a  varied 
lever,  so  that,  as  the  action  of  the  main-spring  is  lessened  by 
imwinding,  it  acta  in  such  increa- 
sing proportion  that  a  constant 
quantity  of  power  is  in  existence. 
The  halance-wheel  is  the  representa- 
tive of  the  pendulum ;  instead  of  the 
oscillation  produced  by  gravity  on 
the  pendulum,  the  watch  has  a 
delicate  spiral  spring  to  which  the 
balance-wheel  ia  attached;  the 
elasticity  of  tliis  spring  is  sach  that 
it  bends  and  imbends  with  uni- 
formity, and  equalises  the  motion  pj„  33 
of  the  balance-wheel. 

The  ^^onometor,  on  whose  dial  the  mariner  gazes  to  know 


THE  FBirSITL'ClI. 


his  posidon  on  the  ocean  (which  it  indicates  by  the  d 
between  its  time  and  that  of  the  sun),  is  a  large  vatch,  t 
oarefoUy  constructed,  eo  accurate  In  its  movementa,  that  it  will 
rarely  vary  more  than  a  second  in  a  year :  were  its  truth  to 
deviate  a  few  seconds,  it  might  he  the  cause  of  death  to  thoae 
confiding  in  its  guidance.  The  chronometer,  however,  diifcrs 
from  the  common  watuh  in  the  balance-wheel  not  being  nii 
entire  circle,  but  more  as  if  an  8  wsa  intended,  only  the  middle 
part,  connecting  the  top  and  bottom  segments  of  circles,  is  a 
atnught  line ;  at  the  end  of  each  of  these  parts  of  the  circle  ia 
|daAed  a  small  ball.  This  bulunce  is  composed  of  difierent  J 
uetale  soldered  together,  to  prevent 
the  eilects  of  heat  or  cold  on  it. 
There  are  other  contrivances  or  im- 
provomenta  on  common  watches  in 
the  chronometers  which  it  would  be 
difficult  to  explain  (fig.  38). 

The   Time-ball  at    Greenwich    is 
hat   exact   momtor    by  which   nur 
commeruol    navy    on    the    Thames 
rebate  their  tuno-kcepers      At  five 
minutes  to  one  o  clock  every  day  the 
ball  u  hoisted  hall  mast  tugh    it  is 
afterwards  drawn  to  the  top    Exactly 
at  one  o  dock  mean  time  at  Green-  , 
wich,  tt  descends    Thus,  by  watching 
it  two  or  three  day>>  the  errors  o" 
chronometer  are  easily  detected,  and 
the  mean  time   at   all  other  places  , 
ascertained  when  the  longitudes  are  ' 
known      The  accompanying  illustra- 
tion exhibits  a  section  of  the  first, 
~  aaooud,  and  third  floors,  m  which  the  - 
ft^paratus  la  placed  which  may  be  said 
to  consist  of  a  hoist  for  raising  the 
b»ll,  a  trigger  and  discharging  gear 
for  its  bboration  and  a  clock  rcg^n- 
lated  by  ob^rvation,  for  giving  the 
nciaired  moment  of  time    a  a  (fig        £'ig  30  —rime  biU. 

8  tlie  supporting  shaft  bearmg  the  ball  on  its  top  and 
latang  below  at  &  in  a  piston,  which  works  m  an  air- 


59 


KOnOW  AITB  TOJtCM. 


I 
I 


cylinder  d,  hy  which  the  too  snddon  descent  of  the  bull  is  pre- 
vonted ;  m,  m,  r,  ■  ia  a  mmbinHlion  of  rods  and  levers  connected 
with  the  discharging  trigger. 

In  the  second  floor  is  a  windlass,  having  a  chain  passing 
over  ft  pulley,  by  which  the  ball  is  raised  to  the  top  of  tiie 
pole.  On  the  first  floor  is  the  discharginji  trigger,  which  is 
let  gn  the  moment  it  is  one  o'clock ;  aft  the  hall  is  some  seconds 
'  I  falling,  the  first  moycment  of  it  downward  is  the  exact 

Time-halls  have  lately  been  fixed  on  the  top  of  the  Elecbrio 
Telegraph  OfBces  in  West  Strand  and  ComhilJ,  London,  both 
of  which  fall  siranltancoiisly  with  that  at  Greenwich.  The 
plan  adopted,  both  for  dropping  the  boll  and  for  the  tranamiS' 
sion  of  signals,  is  automatic,  the  galvanic  circuit  b^ng 
completed  by  certain  pins  or  Etuds  affixed  to  the  train  of 
wheels  of  Mr.  Shepherd's  electro -magnetic  clock  at  Greenwich. 
Some  of  these  wheels  carry  one  or  more  pins,  according  to  the 
signals  required.  At  one  o'clock  the  circuit  is  completed,  and 
an  electro- magnet,  placed  near  the  disohat^ing-rod  of  the  ball 
apparatus,  at  this  instant  becomes  a  powerful  magnet,  and 
draws  towards  itself  a  piece  of  iron,  which,  till  this  time, 
supports  the  lever  or  trigger  of  the  disoharging-rod,  and  thus 
relieves  the  supporting-ahaft  with  the  hall  at  its  top.  In  the 
now  method  the  spring  at  the  trigger  is  replaced  by  a  piece  of 
iron,  and  the  observer,  seen  in  the  first  floor  of  the  cut,  is 
replaced  by  an  electro-magnet,  which  unerringly  dischaiges 
the  trigger,  and  causes  the  hour  of  one  o'clock  to  bo  announced 
by  the  descent  of  the  balls.  In  a  similar  manner  this  clock 
txansmita  signals  twice  a  day  to  several  railway  stations, 

TheuniversaLty  of  the  railway  system  throughout  the  length 
and  breadth  of  the  land,  has  rendered  it  a  necessity  to  \A 
guided  in  all  parts  of  the  kingdom  by  the  same  time,  otbep- 
wise  serious  accidents  might  continually  occur  from  colliaon 
of  trains.  Therefore  Greeawich  time,  as  announced  by  the 
time-balls,  is  that  which  now  regulates  the  clocks  of  aU  the 
railways  in  Great  Britain, 

The  notation  of  the  Earth,  as  proved  by  the  Penduhim, 

Suppose  a  pendulum  to  hang  from  the  point  of  suspentdoni 

in  such  a  manner  that  it  is  £«e  to  vibrate  in  any  direction;  b 

certain  vibration  being  now  given  to  it,  it  wiH  have  a  natoioL 


tendency  to  ^nbrate  in  exactly  the  same  direction  incessantly. 
This  depends  on  the  law,  that  a  certain  motion  once  communi- 
cated, tends  to  continue  for  ever.  To  word  it  Bcientifleally, 
theplanr  of  vibration  of  the  pettdvlv/m  is  invariable.  It  may 
be  regarded  as  a  line  in  apace.  Suppose  at  night  the  vihration 
points  on  one  side  towards  the  poLe-star,  on  the  other  lowardB 
a  star  in  the  south,  it  will  continue  to  vibrate  in  the  same  direc- 
tion, whatever  the  motion  of  the  earth  may  be.  As  the  earth 
rotates  on  its  axis  in  the  twenty-fonr  hours,  it  is  apparent  that 
any  line  (or  body)  on  its  surface  must  change  its  relation  con- 
tinually to  a  fixed  line  in  space — in  fact,  rotate  round  it.  At 
the  Pole  this  rotation  would  he  complete  in  twenty-four  hours, 
at  our  latitude  it  occupies  a  longer  time.  The  experiment  by 
which  is  thus  rendered  visible  the  dinmal  rotation  of  our|Janet 
waa  first  performed  by  M.  Foueault  of  Paris,  in  the  cellar  of  his 
mother's  house.  It  has  since  been  repeated  by  Arago  and 
other  French  philosophers,  and  by  many  in  Englaud,  M. 
Foueault,  in  order  to  demonstrate  it  more  publicly,  applied  the 
dome  of  the  Pantheon  to  the  object.  To  its  centre  a  fine  wire 
s  attached,  from  which  a  sphere  of  metal,  4  to  5  inches  in 
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the  building.  Under  it,  end  alao  in  the  centre,  Tras  p 
circular  frame  and  table,  as  shown  in  fig.  40,  the  c 
ferenee  being  divided  into  degrees  and  minutes. 

Care  must  be  taken,  in  such  nn  ejcperinient,  to  avoid  inter- 
ference with  the  result  by  torsion  of  the  wire.  Some  kind 
of  ball-and-socket  arrangement  is  needed  at  the  point  of 
suspension.  At  the  Pantheon  the  table  performed  a  complete 
revolution  round  the  line  of  vibration  of  the  pendulum  in  about 
30  hours  40  minutes.  At  Dabiin  it  is  stated  to  have  taken  28 
hours2()  minutes.  But  the  difficulty  of  an  accurate  observatiMi 
is  very  great.  However,  the  principle  is  obvious,  and  the  de- 
monstration complete.  In  an  experiment  on  a  large  scale,  the 
practised  eye,  aided  by  a  proper  optical  inatrtiment,  may 
actually  see  the  motion  which  the  table,  in  common  with  the 
earth,  has  under  the  pendulum  between  two  successivo  Tibra:- 
tions  i  for  the  hall,  the  second  time,  does  not  retnni  to 
precisely  the  same  point.  And  thus  we  can  ue  Ihe  earth  mom 
round. 


Fig.  41, 

CILUTEK  III. 

MECHANICS, 

The  science  of  mechanics  caablos  man  to  husband  his  strength, 
in  the  produelion  of  motion.  For  this  purpose  ho  resorts  to  the 
aid  of  appliances  oaIle<l  mcehaniail  powers  or  siinpU  machintt^ 


A  dtnple  mactime  ie  an  instrument  by  which  weights  can  b^| 
raised,  the  resiatance  of  heavy  bodies  overcome,  and  motiranj 
commraiiuated  to  masses  of  matter.     It  is  by  the  application 
of  nnijjfe  machines,  or  mechanical po-wtrs,  that  man  BCComplisheB 
many  useful  undertakings,  that,  without  such  coctrivoncea, 
vxnild  be  beyond  hia  natural  strength. 

Complex  machines  may  he  traced  to  peculiar  arracgemcjits 
of  ample  nieehanii'al  powers.     Th«  natural  forces  or  powers  at 
Uie  command  of  man  for   producing  motion  are  few,  beijig 
principally  the  strength  of  men  and  horses,  running  water-— 
steam,  fire,  and  wind.  2H 

It  is  the  ability  to  regulate,  accumulate,  and  divide  the  siieejB 
of  such  powers,  and  to  connect,  oppose,  and  eounterbalano^B 
their  difTerent  velocities,  that  constitutes  the  value  of  tlwB 
mecbanical  forces  to  tnan.  Machines  do  not  beget  or  increaB^| 
force,  they  only  apply  that  which  has  been  oommimicated  t^| 
them  in  an  advantageous  easy  manner.  B 

The  power  applied  must  he  greater  than  the  resistanoeH 
otherwise  there  would  be  no  motion.  V 

Time  is  exchanged  for  paiver ;   or,  as  it  is  sometimes  ez^fl 
prcsBed,  "  what  we  gain  in  power  wc  lose  in  time.''     This  isfl 
tbo  gulden  mle  of  mechanics.     Thus  if  a  person  could  raise 
50  piHUi'lii  to  a  certain  height  in  nne  minute,  and  by  the  help 
I      of  machinery  he  raises  50(J  lbs.  to  the  same  height,  it  will  hi 
^^ft^^  that  tiku  time  occupied  in  lifting  up  the  500  lbs.  would 
^^^Hb  miuuteii :  thus  the  tenfold  increased  power  has  to  have 
^^^^Bi.>Id  inereased  time,  or  the  n'ork  nf  ten  minutes  could 
^^^^Vbeen  accomplifihed  iu  ton  different  ettbrts  in  the  same 

Kie  primary  mechanical  powers  are  the  Lever,  the  Pidlti 
and  the  Indintd  Plane.     The  Wfieel  and  A.irle  are  derived  fr 
the  lever ;  the  Wedge  and  Screw  I'rom  the  inclined  plai 
llie  Lever. 

Of  ail  the  mechanical  powers  the  lever  is  the  most  simpl^ 
It  is  formed  of  any  strong  substance,  in  the  shape  of  a  ' 
iM"  rod,  which  rests  on  a  prop  or  axis  called  a  fulcrum,  which 
is  ita  cesitro  of  motion.  llioro  are  three  kinds  of  levers,  Tho 
following  is  an  exemplifioalion  of  \he  first. 

In  this  diagram,  6  (fig,  42)  is  the  lever,  a  the  ftilcmm.  c  tho 
weight.   By  pressing  down  at  the  end  6,  the  other  end  of  the  lever 
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raises  the  weight ;  the  centre  of  motion  is  at  a,  the  fiilerain. 
In  other  words,  the  power 
or  force  resting  on  the 
prop  or  falcrum  over- 
comes the  weight  or  re- 
sistance. It  is  the  pro- 
perty of  the  lever  that 
the   power   increases  in  ^'  ^' 

direct  proportion  with  the  length  of  the  long  limh.  Thus  if 
the  lever  be  under  the  centre  of  gravity  of  the  weight,  and 
the  length  of  the  lever  from  the  fulcrum  be  twice  as  long  as 
the  other  part,  a  man  can  raise  the  weight  one  inch  for  every 
two  inches  he  depresses  the  end  of  the  lever.  If  the  end  of 
the  lever  be  four  times  the  length  of  the  part  from  the  fulcrum 
to  the  centre  of  gravity  of  the  weight,  then  the  power  of  raising 
the  weight  is  increased  four  times ;  but  the  space  that  the  h 
end  of  the  lever  will  pass  through  is  four  times  greater. 

It  will  thus  be  perceived,  that  if  a  weight  of  one  stone  moves 
through  a  space  of  ten  feet,  we  may  raise  a  weight  of  ten  stone 
through  a  space  of  one  foot ;  or  a  weight  of  ten  stone  moving 
through  a  space  of  one  foot  wiU  make  a  weight  of  on©  stone 
move  through  a  space  of  ten  feet. 

If  a  man  can  raise  the  weight  at  the  end  of  the  lever, 
and  then  the  lever  be  made  twice  as  long,  a  boy  of  half  the 
man's  strength  can  raise  it.  Thus  it  is  that  "  the  force  of  the 
lever  increases  in  proportion  as  the  distance  of  the  power  from 
the  fulcrum  increases,  and  diminishes  in  proportion  as  the 
distance  of  the  weight  from  the  fulcrum  increases."  It  was 
from  this  general  law  that  Archimedes  exclaimed,  "  Give  me 
a  lever  long  enough,  and  a  prop  strong  enough,  and  with  my 
own  weight  I  will  move  the  world."  This  was  true ;  but  so 
immense  is  the  arc  of  a  circle  his  lever  would  have  to  describe, 
that  even  if  moved  at  the  rate  of  10,000  feet  an  hour,  for 
about  eight  hours  a  day,  it  would  have  taken  him  nearly  nine 
bilions  of  centuries  to  raise  the  earth  an  inch. 

Should  it  be  desired  to  know  what  power  will  balance  a 
certain  weight  at  the  short  end  of  the  lever,  it  is  done  by 
multiplying  the  weight  by  the  length  of  lever  from  it  to  the 
fulcrum,  and  then  dividing  the  result  by  the  other  length  of 
lever,  and  the  result  is  the  power  required :  thus  if  100  lbs. 
be  on  one  end  of  a  lever   12  inches  from  the   fulcrum, 


100x12=1200;  then  suppose  the  long  end  of  the  lever  b 
24  inohee.  1200 -^  24=50  lbs.,  the  power  required. 

In  moving  barrels  and  very  large  weights,  as  on  hoard  ships,  " 
a  hand-Kpil-e  ia  the  lever  found  beat  adapted  to  the  puipoees 
required-     Carpenters,  masons,  and  others  who  have  to  move 
bnUcy  masses  of  matter  short  distances,  adopt  the  erouibai; 
which  also  is  a  lever  made  of  iron,  having  a  claw  at  one  end. 

A  hammer  has  asnaUy  a  claw  for  drawing  out  nails  ;  ia  this 
the  power  seems  great,  for  the  nail  will  draw  an  immense 
weight  attached  to  it ;  yet  because  we  move  the  haud  througlL 
several  inches  while  the  nail  moves  only  a  very  short  way, 
can  draw  it  out  in  accordance  mth  the  law  given  above. 

The/ire-polcer  is  a  lever,  having  the  bar  of  the  grate  for  fl 
fblonim. 

The  Bunple  lever  has  sometimes  two  arms ;  it  is  then  called  ij 
dooblelever.    Scisiort,  shears, nifipe)'t,jiinaei'«, forceps,  suuj 
are  Wf  this  kind,  having  the  rivet  as  a  fulcrum  for  both. 

The  scale-beam  used  in  weighing  is  a  simple  lover, 
arms  (fig.  43)  on  eath  side  are 
mado  of  equol  length,  and  sus- 
pended over  the  centre  of  gravity. 
The  axis  or  pivot,  which  is  the 
point  of  Buspenaion,  is  sharpened 
to  a  TKy  Uiin  edge,  sometimes 
equal  to  that  of  a  raxor,  that 
the  beam  may  easOy  turn  with 
88  little  friction  as  possible  when 
weights  aro  applied  in  the  scales. 
iJhouM  the  arms  not  be  of 
equal  length,  then  the  scales 
e&miot  act  justly,  unless  the 
weighta  used  are  altered ;  for  if 
t»ie  were  half  an  inch  longer 
than  another  in  an  arm  of  eight 
indies  in  lengtii,  the  customer 
WoiiM  lose  an  ounce  in  every  pound  of  the  common  weights. 

Bnt  eometimes,  instead  of  the  weighing-boam  an  instrument 
is  need,  called  a  steel'i/anl  (fig.  44),  which  is  a  lever  with  arms 
of  unequal  length.     The  lever  is  snspendod  from  a  hook,  which 
Mthe  fiilemm  or  pivot,  and  from  which  the  steel-yurd  must  _ 
frttly  balance;  this  is  its  centre  of  gravity.     Here  one  pouni 
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Fig.  44. 


weight  will  weigh  any  number  of  pounds  that  the  yard  is  Jang 

enough  to   raise,  and 

the  exact  weight  may 

be    measured   bv  the 

distance  that  the  small 

sliding  weight  has  to 

be  removed  from  the 

fulcrum    in    order   to 

balance  it. 

The  second  hind  of  hver  is  that  where  the  fulcrum  is  at 
one  end,  the  power  at  the  other,  and  the  weight  in  the  middle. 

Thus,  if  a  mason  desires  to  move  forward  a  large  piece  of 
stone,  instead  of  bearing  down 
upon  the  lever  to  raise  it  up  a 
little,  he  sticks  his  crowbar  into 
the  ground,  and  pushing  upward, 
moves  the  stone  Httle  bv  little 
onward,  the  groimd  being  the 
fulcrum. 

A  wheel-barrow  aftbrds  another 
example :  in  using  it,  a  point  in 
the  wheel  of  the  barrow  pressing 
on  the  ground  is  the  fulcrum ;  the  ^^'  ^' 

load  is  the  weight,  and  the  handles  held  by  the  man  the  power ; 
as  the  person  shortens  or  lengthens  his  hold  on  the  handles,  so 
does  he  move  the  centre  of  gi-avity  to  the  wheel  or  himself. 

If  two  men  carry  a  load  slung  firom  a  pole  resting  on  their 
shoulders,  and  the  load  be  in  the  middle  between  them,  they 
have  an  equal  share  of  the  weight ;  but  in  proportion  as  it  is 
more  towards  one  than  the  other,  so  is  the  extra  amount  of 
weight  to  the  one  nearest  to  it.  The  men  are  the  fulcra  in 
this  case ;  they  act  in  that  capacity  the  one  to  another,  while 
each  is  also  a  moving  power.  Should  the  pole  be  eight  feet 
long,  and  the  weight  200  lbs.,  each  man  will  bear  100  lbs. 
weight.  Suppose  that  a  man  and  a  boy  are  set  to  carry  this 
weight,  and  the  man,  from  the  boy's  inability  to  carry  his 
equal  share,  out  of  himianity  places  the  weight  four  times  as 
far  from  the  boy, — ^that  is,  about  6  ft.  4  in.  distance,  and  only 
1  ft.  8  in.  from  himself, — then  the  boy  will  only  have  about 
60  lbs.  weight,  while  the  man  will  have  150  lbs.  to  bear. 

The  common  operation  of  opening  a  door  or  a  box,  is  an 


illuatration  of  this  lever ;  the  hinges  are  tha  fnlcni  or  centres 
of  motion,  the  door  or  lid  the  resistanee  or  weight,  and  the 
hand  the  moying  power.  The  linger  is  painfully  nipped  when 
«aaght  near  the  hinge,  &om  that  part  b^g  near  the  Mcnun, 
tifited  upon  by  a  lever  pasBuig  through  a  larger  space.  Every 
DUO  has  exporiGneed,  that  on  opening  a  door  or  gate  when  near 
to  the  hinge,  the  force  required  is  considerable,  having  little 
space  to  pass  throngh ;  whereas  near  to  the  latch  the  task  is 
easy,  though  the  apace  is  increased. 

The  oar  of  a  boat  ia  also  a  lever  of  this  kind  ;  the  water 
being  the  fulcrum,  the  person  who  rows  the  ])Ower,  and  th*    | 
boat  the  reaistance  or  weight. 

The  viastB  of  a  thljp  act  as  levers,  having  the  cat^u  rind 
vessel  as  the  resistance,  the  bottom  of  the  vessel  as  the  fulemm, 
and  the  sails  holding  the  wind  as  the  moving  power.  Thus  wh 
see  in  Bmii|^ling-TosBeb  and  fachta,  where  the  ma^ta  seem 
emonnoiisly  high  for  the  size  of  the  vessel,  that  they  lean  ovei 
when  in  full  sail,  by  pressure  on  the  levers,  in  a  perilous  manner. 

NiU-cracircrs,  lemon-sqiuaers,  &c,  are  abo  illustrations  of 
this  kind  of  lever.     The  two  legs  are  joined  by  a  hingo,  which    , 
is  the  fulcrum ;  the  article  placed  between  b  the  resistance ; 
and  the  hand  is  the  power.  f. 

Many  are  the  industrial  purposes  to  which  this 
form  of  the  lever  ia  ap- 
plied. The  common  cork- 
squeezer  of  druggists  ia  a 
gtmiliar  example  (fig.  46); 
a  is  the  fblcriim,c  the  power 
applied  to  the  cork  b. 

The  third  description  of 
IcTor  is  that  in  which  the  iiilcmm  is 
at  one  end,  the  weight  at  the  other, 
and  the  power  placed  betu'een  them. 
Il  has  been  called  the  Ijisiny  lever, 
because  the  power  had  to  be  greater 
than  the  weight.  The  domestic  im- 
alements  siigiir- tongs,  have  two  long 
iCTciB  with  a  small  motion  near  tho 
pivot,  near  which  the  power  is  applied : 
■'  a  they  open  widely  to  srasp  a  piece 
:.  and  have  a  weak  power  at  the 
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The  mechanical  power  of  the  muscles  of  man,  aoting  on  the 
bones  as  levers,  gives  us  many  beautiful  examples  of  lereis. 
The  power  is  very  great  in  proportion  to  the  resistanoe,  but 
the  muscular  attachment  being  near  the  joints  or  fblcra,  gives 
a  high  degree  of  velocity  to  the  other  end  of  the  lever,  gene- 
rating great  momentum.  In  the  human  body  sometimes  the 
fulcrum  is  between  the  power  and  resistance,  as  the  elbow 
is  between  the  muscles  of  the  shoulder  and  the  hand  with  the 
weight;  in  other  places  the  resistance  is  intermediate,  and 
the  fulcrum  at  the  end,  as  with  the  hinge  of  the  lower  jaw ; 
and  in  parts  the  fulcrum  is  at  the  end  and  the  power  inter- 
mediate, as  the  weight  of  iiie  arm  has  its  fulcrum  in  the 
shoulder-bone,  and  the  power  is  in  the  muscle  covering  and 
proceeding  from  the  shoiQder. 

Compound  levers  are  arrangements  of  simple  levers  by  which 
less  space  is  required  and  power  is  gained,  thus:  Suppose 
three  pieces  of  iron  12  inches  long,  having  their  fulcra  placed 
3  inches  from  the  ends  of  each,  we  may  calculate  how  much  1 
stone  (14  lbs.)  moving  power  placed  at  the  end  of  the  first  will 
balance  at  the  end  of  tiie  last :  9  inches  to  the  fulcrum  of  the 
first  lever  multiplied  by  1  stone  give  9,  this  divided  by  3  for 
the  3  inches  at  the  other  side  of  the  fulcrum,  gives  3  stone  as 
the  balance  at  its  end.  3  stone,  then,  is  the  power  at  the 
commencement  of  the  second  lever,  which  must  be  multiplied 
by  its  9  inches,  giving  as  a  result  27 ;  this  divided  by  tiie  3 
inches  at  the  other  side  of  its  fulcrum  makes  9  stone  as  the 
power  at  the  beginning  of  the  third  lever,  which  multiplied  by 
its  9  inches  resists  in  81,  which  divided  by  the  three  inches  at 
the  end,  the  total  weight  of  the  block  at  the  other  end  is  found 
to  be  27  stone. 

It  is  by  this  kind  of  combination  that  at  railway-stations 
luggage  is  weighed ;  and  at  entrances  to  towns  where  tolls  are 
paid  according  to  weight,  carts  and  waggons  are  drawn  on  to 
tables,  and  their  heaviness  known.  By  lengthening  the  arms 
on  one  side  of  the  fulcrum  and  shortening  them  on  the  other, 
the  force  is  greatly  increased. 

Bent  levers. — ^Theseare  often  used  for  their  aptitude  to  peculiar 
eii-cumstances,  and  act  obliquely,  consequently  with  less  efiect 

The  Wheel  mid  Axle. 
The  wheel  and  axle  (fig.  48)  consist  of  the  lever  applied  in  a 


modified  form,  by  which  great  mechanical  advantage  is  gained, 
a  will  be  very  apparent  upon  esamination.  The  wheel  is  a 
■  «  of  levere,  the  spokes,  being  each  one  fixed  on  the  axle. 
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Ethe  axle  be  elongated,  and  the  resistance  to  be  o 
l^aced  upon  this  elongation,  we  have  the  windJoaa.  In  this 
tile  weight  w  (fig.  49)  correapondB  to  the  force  applied  at  a,  in 
an  inverse  ratio  to  the  length  of  the  arms  of  the  lever  a.  For 
example,  if  the  radius  a  d  oi  the  wheel  ia  four  times  greater 
than  the  radius  of  the  asle  b  e,  we  equipoise  a  weight  by  a 
force  one-fourth  of  its  power.  If  the  stone  w  weighs  400  lbs., 
a  force  equal  to  100  lbs.  applied  at  a  will  sustain  it  in  eqoi- 
librinm. 

The  larger  the  wheel  and  the  smaller  the  axle,  the  more 
powerfal  ia  the  machine,  but  the  greater  time  is  taken  in 
raising  the  weight. 

In  the  common  method  of  drawing  water  from  a  well,  the 
handle  is  made  to  describe  a  large  circle,  and  thus  performs 
the  part  of  the  wheel  described,  while  the  axle  reueives  the 
tope  with  the  weight. 

The  viiniUais  used  on  board  of  ships  for  raising  the  heavy 
■ttohnrs,  and  the  capstan,  are  wheels  and  axles,  the  latt«r 
Iwing  upright.  The  head  or  drum  has  holes  in  it,  in  which  are 
jJaced  levers,  or,  as  called,  capstan-bars,  against  which  the  men 
push.  Tliev  may  be  likened  to  the  spokes  of  a  wheel  made  move- 
able ;  the  wheel  describing  a  large  circle.  If  a  capstan-bar  be 
tiz  times  as  long  as  from  the  edge  to  the  centre  of  the  part  on 
vhieh  the  rope  ia  coiled,  and  six  men  are  at  six  bars,  they  will 

'  e  thirty-six  times  as  much  weight  as  one  man  could  do  by 


ted  strength.     CapataJiB  tiro  used  to  opt'n  and  shut 
dock  and  canal  gatea,  drawbridges,  4c. 

The  I^nioH. — If  two  wheels  of  the  seme  sue  be  notched 
teethed  BO  as  to  fit  into  each  other,  they  revolve  in  the  sai 
time,  and  a  weight  would  be  raised  by  the  axle  of  one  aa  so 
as  the  other.     Where  difierent  velocities  are  required,  and 
mftchines  are  to  be  of  compact  formation,  then  a  combination 
of  wheels  is  made  by  introducing  what  is  called  a  pinion. 

In  fig.  50  let  6  represent  a  wheel  and  a  the  asle  of  another. 
It  will  be  seen  that  the  teeth  placed 
round  the  edge  of  the  one  wheel  work 
in  the  teeth  placed  round  tbe  axle  of  the 
other ;  but  ae  the  wheel  is  much  the 
larger,  it  must  consequently  go  round 
much  slower  than  the  axle  or  pinion- 
wheel.  The  teeth  on  the  axle  are 
tcmied  leaves. 

The  mode  of  calculating  the  power 
gained  is  to  divide  the  numbor  of  teeth 
in  the  wheel  by  the  number  of  leaves  in  the  pinion ;  thus  if 
the  latter  has  12  and  the  former  144,  then  144^12=12,  the 
power  or  velocity  gained. 

In  lathes,  apinning-wheek,  printing-machineB,  &e.,  wheds 
without  teeth  are  made  to  act  upon  each  other  by 
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cords,  straps,  or  banUs ;  this  is  not  to  add  to  the  power,  but  Is 
useful  in  the  regulation  of  a  quick  or  slow  motion.  Tbua  in 
fig.  51  the  wheel  c  drives  a  by  the  belt  n. 
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The  Pulley. 

is,  in  its  simplest  form,  ie  a  grooved  ivLeel,  tumiiig  on  ita 
axis,  and  with  a  eord  or  rope  playing  round  the  carcumferenc*. 
At  first  sight  it  closely  resembles  the  last  power,  the  wheel 
and  axle ;  but  in  the  wheel  the  force  has  been  shown  to  be 
simple  leverage,  the  ends  of  the  Lever  being  the  ends  of  the 
qnke  of  the  whe-cL  In  the  pulley  both  the  force  and  the 
re«istaiice  aet  in  the  direction  of  tangents  to  opposite  sides  of  , 
the  circle. 

&.Jixed  pulley,  fig,  52,  with  two  equal  weights  at  the  ends 
of  t^  rope  passing  over  it,  gives  no  mechanical 
advantage,  for  the  weights  balam^ ;    and  when 
mored,  they  rise  or  fall  through  ao  equal  space  ii 
the  same  time.     The  service  to  wh  ich  it  is  applied 
is  merely  to  change  the  direction  of  the  power, 
and  enables  a  man  to  stand  on  one  spot  and  r  ' 
a  wfflght  which  he  might  othcrwiso  have  to  carry    ^ 
up  a  ladder.     Another  use  is  that  of  enabling  ■ 
BBVieral  men  fe  join  their  strengtJi  at  one  time  in      pj,  rj2 
r&ising  a  considerable  weight. 

This  pulley  forma  one  of  the  moflt  valuable  assistants  to  the 
snlOT,  and  by  its  means  fewer  men  are  required  to  do  the 
neoesBary  work  of  the  ship.  Now,if  wefas1«uone  _ 
end  of  our  cord  to  a  beam  a  (fig.  53),  and  pass  it 
under  the  groove  in  a  moveable  pulley  a  to  which 
Uie  weight  we  desire  to  raise  is  attached,  and 
then  carry  it  over  the  fixed  pulley  b,  we  may 
lift  a  weight  of  one  hundred  pounds,  by  the 
application  of  a  force  equal  to  fifty  pounds.  To 
underetand  this,  we  must  'remember  that  the 
wugbt  is  supported  equally  by  tlie  beam  and 
the  power  applied  at  d ;  but  the  string  at  d 
must  move  through  two  inches  to  raise  t' 
veight  at  a  through  one  inch.  Pulleys  i 
asniiUy  compounded  into  a  system  containing " 
two  or  more  single  pulleys,  called  blocks,  and 
these  &e«]uently  again  combined  in  a  compound 
•yMem  of  fixed  and  moveable  blocks,  as  s 
Kpresented  in  the  accompanying  cnit.  ^ig-  5 

If  the  line  from  the  fixed  point  is  traced,  it  will  be  si 
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Fig.  54. 


run  under  the  moveable  pulley  a  (fig.  54),  over  the  fixed  pulley 
h,  under  e,  over  d,  then  under  the  larger  moveable 
pulley  e,  and  passing  over  the  fixed  pulley/,  it 
hangs  loosely  at  p.  Here  we  have  six  lines  to 
support  the  weight  b,  and  every  line  actiDg  with 
a  force  equal  to  one-sixth  of  the  weight ;  that  is, 
if  the  weight  is  120  pounds,  each  line  supports  b 
twenty  pounds  of  it,  and  therefore  twenty  pounds 
hung  at  jp  would  equipoise  the  weight  b.  Supposing 
a  man  exerting  a  power  of  three  hundred  pounds, 
pulling  at  a  string  over  a  fixed  pulley,  as  fig.  52, 
could  raise  a  mass  of  stone,  six  feet  high,  in  a 
minute;  a  child,  exerting  a  power  of  only  fifty 
pounds  upon  the  compound  pulley,  fig.  54,  would 
raise  it  to  the  same  height,  but  he  would  require 
six  minutes  to  perform  the  task.  It  cannot  be  too 
forcibly  impresised  upon  students,  that,  in  all  me- 
chanical arrangements,  whenever  we  gain  power 
we  lose  time; — ^the  neglect  or  ignorance  of  this 
fact  has  frequently  led  to  great  waste  of  both  valuable  time 
and  hard-earned  money.  No  power  can  he  produced  withavi 
an  expenditure  of  force ;  and  as  we  mtUtiply  the  means  of 
applying  that  force,  we  regularly  diminish  the  rapidity  of  tto 
OiCiion,  The  dreams  of  producing  perpetual  motion  have  arisen 
from  neglecting  these  never- varying  laws ; — ^it  amounts  to  a 
positive  impossibility  that  we  can  ever  obtain  a  self-moving, 
self-supporting  power. 

T?ie  Inclined  Plane,  one  of  the  primary  mechanical  powers, 
is  of  use  to  man  in  many 
of  his  daily  occupations. 
If  upon  the  plane  c  d  {"^g, 
55),  forming  an  angle  a?,  we 
place  a  weight  a,  the  centre 
of  gravity  of  the  body  is  no 
longer  at  right  angles  to 
the  plane,  but  along  the 
line  y  z,  and  consequently 
it  has  not  to  support  the 
full  pressure  of  the  weight. 
In  lifting  a  body  vertically 
from  the  earth,  we  have  to  overcome  the  fiill  force  of  gravity, 
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acting  dircctl}' on  it;  bnt  by  rolling  it  ap  an  incUntd plat 
we  are  relieved  from  a  Inr^o  proportion  of  this  force,  and  thi 
are  ennbled  to  move  great  weights  to  a  uonaiderable  height  < 
with  comparative  facility. 

The  inclined  plane  is  of  conataiLt  practical  application.  If 
a  man  were  to  project  a  road  over  the  summit  of  a  momitMn, 
beyond  the  force  necessary  to  overcome  the  friction  in  drawing 
a  heavy  load  up  this  steep  incline,  he  mast  odd  additional  t'oruu 
to  overcome  the  gravity  acting  parallel  with  the  inclined  plane 
of  the  road,  which  rapidly  increar^es  with  iU  steepness,  and 
consequently  an  immense  expenditure  of  power  is  necessary  to 
draw  heavy  loads  up  such  an  ascent.  A  well-informed  man 
would  see  the  advantage  of  making  the  road  wind  around  the 
hill,  by  which  he  would  be  able  to  move,  with  oomparative 
euso,  heavier  bodies  to  the  same  elevation. 

The  Screw  is  an  inclined  plane  winding  round  a  cylinder,  oa 
will  be  apparent  if  we  take  a  rectangular  piece  of  paper,  whose 
length  is  eqanl  to  the  (rircumference  of  a  glass  rod,  and  wind 
it  around  in  sach  a  manner  that  the  horizontal  side  of  the  paper 
Bhall  form  the  periphery,  a  b  (fig.  58),  of  the  base  of  the 
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^liiider,  fiie  hypothennBe,  as  the  line  a  c  is  termed,  will  wind 
around  it  in  a  uniformly  ascending  line,  which  line  marks  what 
ie  Bailed  the  thread  of  the  screw.  K  a  tiiaagle  is  continued 
along  the  thread  of  the  screw,  we  have  a  triangular  thread,  \ 
(flg.  57).  If  a  parallelogram  is  continued  in  a  similar  manner 
BTOund  the  cylinder,  we  produce  a  fiat-threaded  sci 
need  sooreely  be  espMned  that  by  this  simple  form  alone  little 
■necluinioal  advantage  is  gained.  If  we  force  a  screw  into 
[OCCC  of  wood,  we  shall  find,  upon  removing  it,  that  wo  have  c 
a  hollow  spiral,  exactly  fitting  the  projecting  threads.  Such 
the  arrangement  necessary  when  we  employ  the  screw  to  lif 
heavy  weights,  or  to  press  forcibly  upon  any  body  (fig.  .5^). 
In  ntlier  case  it  will  be  found  upon  examination  that  we  have 
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indeed  one  inolined  plane  raoring  upon  another,  but,  i 
to  aTail  ourselves  of  the  advaiitages  of  the  scrow,  wu 
tlie  additional  power  of  the  leyer. 
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Fig,  58. 

When  two  inclined  planes  are  placed  with  thoir  basea  to- 
gether, wo  have  a  triangular  prism  called  a  tvedffe,  which  is 
sometimes  employed  to  lift  enormous  weights  to  small  eleva- 
tions. The  iMgost  ships  in  the  British  navy  are  thus  lifted, 
preparatory  to  launching,  by  driving  a  great  number  of  wedges 
at  the  same  timo  under  their  keels ;  hut  this  simple  mechanioal' 
power  is  more  commonly  employed  for  cleaving  wood.  Tba 
power  of  the  wedge  inweaaes  as  its  width  or  back  diminisheB. 
A  very  important  application  of  the  wedge,  or  rather  of  a 
combination  of  wedges,  baa  been  made  by  Mr.  R.  W.  Fox,  in 
blasting  rocks.  A  round  piece  of  wood  is  divided,  ua  shown, 
fig.69,  into  three  parts,  a,  6,  c  (fig.  60):  the  largest  wedge,  6,  is  to 
bo  placed  upon  the  powder  in  the  hole  of  the  rock,  and  the  two 
others,  a,  p.  are  dropped  into  tbeir  places ;  a  Bmnll  hole  mm 
through  them  to  convey  the  fuse  to  the  bottom,  which  being 
lighted,  communicates  the  fire,  and  by  the  lateral  force  of  Qie 
explosion,  a  larger  quantity  of  rock  is  Tended  than  by  any 
other  process. 

More  power  is  gained  by  striking  the  head  of  the  wedgo 
with  a  hammer,  either  small  or  large,  than  by  pressure,  as  t£s 
momentum  of  the  blow  seems  to  shake  the  particles  of  matter 
I  and  cause  them  to  separate.     A  thin  wedge  requires  lesa  power 
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to  move  it  forward  than  a  tliick  one,  less  resistance 
o&ered,  as  in  the  case  of  an  incUned  plane.  The  power  of  thtt. 
wedge  caimot  he  easily  estimated,  oh  the  force,  number  of 
blows,  and  incline  have  all  to  be  taken  into  account.  In 
splitting  wood,  the  sides  of  the  opening  act  aa  levers,  and  thus 
""""d  the  pujijs  in  advance  of  the  point  of  the  wedge. 

^  heads  of  hammers  are  fastened  on  by  wedgea  driveE  in 
^  part  of  the  handles  near  the  heads. 
iQb,  knives,  awl»,  needles,  swurda,  razors,  hatchets,  chisels, 
nber  similar  instruments  are,  in  their  operations,  on  the 
sple  of  wedges.  A  saw  is  a  series  of  wedges,  which  act 
ttj.^swing  them  along  and  pressing  them  on  the  object  to  he 
eati  When  the  edge  of  a  razor  is  examined  by  a  microscope, 
it  11  eees  to  be  a  saw  in  formation,  which  by  heing  drawn 
slong  tte  beard,  enters  the  hair,  and  thus  cuts  it  off,  A  scythe 
acts  in  the  same  manner  on  grass.  The  saw-nature  of  fine 
edgee  may  be  illustrated  by  pressing  the  thumb  against  a  sharp 
penknife ;  the  skin  is  not  cut,  but  the  shgbtest  movement  «f 
the  edge  across  the  skin  immediately  cuts  it. 

Michaiiism  of  Ihe  Human  Frame. 

By  examining  minutely  the  structure  of  many  insects, 
discover  formations  for  the  purpose  of  fnlfilling  the  destiny 
their  peculiar  conditions ;  they  are  provided  with  saws,  rasps, 
gimlets,  needles,  lancets,  spades,  h-ooks,  hinges,  awls.tweeKei 
jnncere,  and  otter  tools,  from  which  man  may  profitably  leai 
the  best  construction  of  such  implements. 

In  that  most  admirablo  of  mechanisms,  the  human  frame, 
we  have  snrprising  examples  of  economy  of  material,  combining 
lightness,  force,  firmness,  ehisticity,  leverage,  hinges,  joints, 
wcketfl,  motdon,  resistance,  security  and  grace,  8o  that  ita 
description  becomes  an  appropriate  section  in  illostrating  the 
principles  of  Natural  Philosophy.  In  comparing  the  ingenious 
contrivances  of  talented  engineera  with  the  perfection  of  the 
framciwork  of  organized  beings,  we  cannot  but  mark  with 
reverential  awe  the  vast  distinction  between  the  works  of  man 
and  the  works  of  God, 

The  loftiest  portion  of  the  solid  human  frame  is  technicaUy 
ttiUeA  tile  cranium,  a  word  derived  from  the  Greek,  signifying 
■  hdmtt,  known  as  the  skull.     Thu  form  of  this  part  is  that  rf^ 
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an  arch,  the  best  to  give  strot^h,  ichilst  the  tenadty  of  iia 
material  is  so  great  as  to  resist  shocks  in  all  directiona. 

When  the  living  principle  early  acts  in  the  genn  of  the 
Aiture  human  form,  the  covering  of  the  brain  is  but  a  fleziUe 
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tenacious  substanee,  which  progreaaively  developes  the  bony 
aabstance,  like  the  delicate  icy  crystallization  oa  water,  until  the 
'whole  becomes  ao  many  scales  bound  together  by  a  membrane. 
The  edges  overlie  each  other,  and  the  whole  is  soft  and  elastic 
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in  early  infancy ;  gradually,  as  years  approach  to  teens,  tbfl 
bone  hardens,  and  processes  form  for  dovetailing  it  neatly  ana' 
compactly  together,  which  seams  or  joinings  are  called  autiires. 
Daring  the  thoughtlessness  and  raiBhapa  of  youth,  these  joinings 
are  not  perfeeted ;  and  thus  when  an  unlucky  blow  ia  reeeived 
from  a  fall  or  otherwise,  Jts  effects  are  dispeTsed  at  the  edges 
of  the  sutures,  and  the  vibratious  being  checked,  the  injury 
is  comparatively  small.  As  maturity  creeps  on,  these  minute 
but  strong  dovetailings  become  thoroughly  and  firmly  united 
together,  and  the  whole  a  hard  cose  of  bone,  "I 

On  looking  at  the  mature  skull,  it  presents  to  our  view,  firstj 
the  frantal  or  bonca  of  the  forehead ;  these  continue  backwarflH 
to  the  sutures,  which  may  be  felt  on  the  crown  and  sides  ofl 
the  rounding  of  the  head.     From  this,  and  comprising  tbfl 
principal  part  of  the  sides,  top,  and  back  of  the  head,  ore  tjaJB 
parietal  or  wall-bones.     Below  the  last-named  is  the  0Kipt((wB 
or  back  of  the  head-bone ;  in  it  is  the  bole  through  which™ 
peases  the  continuation  of  the  brain  into  the  spinal  bone.     The 
vpkeneid  or  wedge-bones  lie  behind  the  orbits  of  the  eyes,  and 
touch  the  frontal  and  temporal  or  temple -bones ;    the  latter 
contain  and  protect  the  organs  of  hearing,  and  ox-erlie  the 
parietal  bone,  being  joined  to  it  by  what  is  termed  a  squamous 
or  scaly  suture. 

The  bone  of  the  skull  consists  of  two  tables  or  layers,  the 
one  external,  the  other  internal,  separated  by  a  spongy  sub^ 
abmoe,  resembling  in  form  the  cells  of  a  marrow-bone,  unequally 
^end,  and  called  the  diploi ;  this  and  the  outer  covering,  the 
Badp  and  the  hair,  by  their  elastirity,  aid  in  lessening  the 
eflects  of  a  blow. 

The  outer  dovetaOcd  table  is  fibrous  and  tough,  thus  adrai- 
Tably  suited  to  resist  violence,  to  which  its  position  exposes  it  ; 
while  the  inner  table,  called  tabula  vitrta,  or  the  glossy  table, 
against  which  the  delicate  brain  is  in  contact,  is  smooth,  dense, 
nid  brittle;  this  latter  quality  would  render  the  little  projec- 
tioofl  in  dovetailing  easily  broken  asunder ;  therefore  with  that 
wondrous  adaptation  to  every  circumstance,  the  edges  of  the 
joinings  are  Imd  in  contact.  In  the  operations  of  man,  tough 
wood  is  dovetailed,  but  the  edges  of  china  or  glass  that  have 
to  be  in  contact  are  merely  laid  close  together. 

Wlien  a  man  receives  a  severe  injury  on  the  head,  it  maTj 
cause  such  a  vibration  throughout  the  brain  as  to  deprive  bin 
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of  Benso  or  motion  ;  and  a  seTcre  partial  blow  usually  frftctures 
and  indents  the  part  struck.  A  blow  witli  a  eliarp  inBtrmnoit 
maj  cut  into  the  brain  itself,  and  not  render  the  person 
insensible  ;  while  a  blow  with  leas  force,  bnt  iwwivod  from  s 
broader  Bur&ce,  being  resisted  hy  the  arched  form  of  tlie  head, 
usually  cracks  the  bone  at  an  opposite  part  to  that  Btruck. 
This  bears  a  similitude  to  the  piers  of  a  bridge  beii^  cracked 
and  thrust  out  when  not  strong  enough  to  resist  the  wea^t 
upon  the  crown  of  the  arch.  The  utilitj  and  power  of  the  ardi 
in  the  erections  of  dwellings  for  societies  of  the  human  family 
seems  to  have  been  known  in  the  earliest  history  of  the  world. 
In  the  e^;s  of  birds,  and  variouB  seeds  of  vegetation,  nature 
protects  the  nucleus  of  future  life  with  a  limy  or  flinty  arched 
encasement.  The  brain  of  man,  the  seat  of  glorious  mind, 
which  directs  us  in  our  duties  as  to  the  present  and  fature 
life,  is  carefiilly  protected  throughout  existence  in  the  hard, 
bony,  arched  case  we  have  jnst  described. 

The  Zotcer^'aw  has  a  hinge-joint  that  permits  of  trwomotionB, 
the  greatest  being  in  a  perpendicular  direction,  for  the  purpose 
of  allowing  the  mouth  to  open  and  shut,  and  the  other  In  a 
lees  degree  to  move  from  side  to  aide.  Thus  it  has  a  oombina- 
tion  of  the  action  of  the  jaws  of  a  tiger,  which  is  a  siiaple 
hinge-joint,  Bimilfir  to  that  of  a  pair  of  pincers,  and  a  iessGoed 
lateral  motion  as  that  of  sheep  ;  one  action  being  for  the  pur- 
pose of  cutting,  the  other  for  grinding.  The  voluntary  masclee 
of  the  human  body  are  composed  of  a  nnmber  of  nearly  paralld 
fleahy  bundles,  enclosed  in  a  fine  covering ;  these  bondlea 
consist  of  round  hollow  fibres,  the  diameter  of  each  fibre  being 
about  the  400tb  part  of  an  inch,  containing  a  glutinous  fluid) 
and  threads  abont  the  15,000th  of  an  inch  in  diameter.  A 
muscle  when  contracted  is  not  less  in  size,  but  broader  than. 
when  extended ;  in  the  volnntary  musdos,  the  elasticity  tliey 
possess  b  what  renders  them  of  such  value  in  the  fiinctiona  at 
the  human  body.  The  temporal  and  masseter  muscles,  that. 
move  the  lower  jaw,  are  short  and  strong ;  and  as  they  act  at 
right  angles  to  the  line  of  the  jaw,  their  mechanical  advantage 
or  lever  power,  is  greater  than  those  in  many  other  parts  irf 
the  body.  This  gives  great  atreagth  in  biting  hard  substances, 
and  power  to  crack  the  ahella  of  nuts  with  the  back  teeth ;  aa 
in  the  hinge  part  of  a  door. 

The  first  Uelh  are  small,  to  adapt  them  to  the  size  of  the 
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mouth ;  these  felling  out,  ore  replaced  by  others,  suitable  to 
the  eulai^meat  of  the  frame ;  and  finally,  in  maturitj-,  the 
teeth  of  "  wisdom  "  complete  the  set.  Some  are  formed  like 
wedges  and  chisels,  t«  cut  and  divide  substances,  others  for 
tearing  and  grinding.  Thus  we  have  an  approximation  to  the 
pinnted,  jagged,  and  sharp  teeth  of  the  tiger,  and  the  cutting 
and  broad  rough  teeth  of  the  sheep.  The  beautiful  hard 
enamel  by  which  tie  teeth  of  animals  are  covered,  causes  un- 
dviUzed  nationB  to  use  them  in  various  purposes  of  rude  manu.. 
fitcture,  while  in  our  own  country  the  tooth  of  a  dog  waft 
fonnerly  used  as  a  polishijig  tool  by  bookbinders, 


Fig.  02. — A  magoifteii  rioH'  of  Tooth  etruotufc. 
I.  Loagitudiniii  seotian  of  part  of  a  Buperior  caainu  tooth,  eihibitiiie 
general  nrrangement,  contour  markingB;  ali^htly  magnified.  2  anda, 
portiODi  uf  same,  high^  magDificd,  showing  the  relative  posilion  of  Aiini- 
crUr,  cemeutuni.  2.  Dentine  fibres,  and  at  3,  tha  (.■ammeacement  of 
nlalnni  4.  Dentine  fibres  deealoified  ta  abow  tubuJee,  5.  Nnsmjtk's 
ntcnbmto  separated  and  the  colcareous  mabter  diaaolved  out  with  i^ute 
•dd.  6.  Cells  of  the  pulp  Ijing  between  it  and  the  ivory.  7.  A  tiana- 
mse  watiim  uf  enamel,  showing  the  sheaths  of  fibres  with  their  contents 
temoved  (mogmfied  300  diameters). 

Noxt  to  tho  head  in  importance  to  the  functions  of  sensation,.  , 
and  as  important  as  the  brain  itself  to  the  continuation  of  life,.  , 
is  llie  spinal  marrow.  In  the  grand  design  of  the  framework  i 
of  the  human  body,  not  only  is  there  a  powerful  protcctioit  1 
afforded  by  tho  formation  of  the  spinal  bony  column  for  the 
matter  which  fills  its  cavity,  but  while  it  sustains  the 
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head,  and  bends  to  the  motions  of  the  body,  it  also  is  the 
connexion  of  the  higher  and  lower  parts  of  the  skeleton. 

Behind  the  bones  that  keep  the  body  erect  a  spinal  process 
projects,  from  which  the  common  name  given  to  the  column  of 
spine  is  derived ;  the  separate  bones  of  which  it  consists  are 
called  vertebrae.  In  form  the  spine  resembles  an  italic/,  the 
lower  end  tapering  off ;  joining  this  root  part  it  curves  inwards, 
and  the  bones  of  the  vertebrse  here  are  the  largest,  and,  some- 
what like  the  stem  of  a  tree,  decrease  upwards.  Twenty-four 
distinct  bones  constitute  the  true  or  moveable  vertebwe.  The 
part  we  designated  the  root  is  composed  of  a  triangular-shaped 
bone  called  ob  sacrum,  and  another  os  coccygis. 

The  bones  are  nearly  cylindrical,  with  a  perforation  behind 
for  the  spinal  marrow,  and  have  a  projecting  spinal  process; 
as  well  as  two  other  processes  at  the  top  and  two  at  the  bottom 
of  each  vertebra.  The  first  five  large  vertebrae  are  called 
lumbar,  that  is,  pertaining  to  the  loins,  above  which  are  twelve 
called  the  dorsal  or  back  vertebrse,  to  which  are  attached  the 
ribs,  forming  with  the  breast-bone  the  part  called  the  thorax; 
the  seven  piled  on  the  last-named  are  called  cervical,  be- 
longing to  the  neck, — these  curve  first  in  a  forward  direction 
and  then  recede  in  the  upper  back  part  of  the  head,  giving  that 
graceful  form  so  admirable  in  the  neck ;  the  highest  but  one  of 
these,  from  a  remarkable  toothlike  process  it  possesses,  is 
named  the  vertebra  dcntata ;  and  the  topmost  one,  that  im- 
mediately supports  the  head,  the  atlas ;  and  justly  so,  as  it 
bears  upon  it  the  individual  world  the  mind  creates :  from  the 
ideas  that  foim  the  links  of  the  mental  chain  organized  beings 
recognize  themselves  from  each  other ;  when  it  is  broken,  the 
living  mass  of  matter  is  in  that  pitiable  state  called  insanity ; 
and  when  annihilated,  by  the  flight  of  the  imperishable  soul, 
there  is  the  darkness  and  vacuity  of  death. 

Having  piled  up  this  wonderful  column  from  the  foimdation, 
let  us  now  see  how  inimitably  it  is  adapted  to  the  purpose  of 
its  design.  Beyond  that  of  protection  to  the  life-constituting 
cord  of  matter,  it  has  to  possess  elasticity,  to  prevent  any  jar 
upon  the  brain,  and  therefore  to  let  the  head  be  borne  with 
the  ease  of  a  carriage  upon  springs ;  it  has  to  be  flexible,  that 
the  body  may  move  in  all  directions;  flrm,  to  support  the 
upright  position  of  the  body,  a  fulcrum  to  the  muscles,  a  prop 
to  the  ribs ;  and  it  has  to  possess  strength,  that  weights  may 


be  borne  on  the  shoulders  and  back.  It  is  related  of  Topham 
that  he  lifted  by  hia  shoulders  three  hogsheads  of  water, 
weiglung  1836  lbs. ; — wonderful,  then,  la  the  raochaniam  of 
tliis  column ! 

First,  we  may  note  the  manner  of  the  head  being  placed  on 
the  spine.  There  are  two  prominences  at  that  part  of  the 
skull  called  the  occiput,  which  are  received  into  two  correspond- 
ing caritie-s  of  the  atlas ;  by  this  the  head  can  move  forward 
in  the  manner  we  do  when  we  nod,  hut  the  atlas-bone  turns 
horizontally  round  the  tooth-liie  process  of  the  next  bone,  the 
vertebra  ilentata,  and  thus  the  head  moves  from  side  to  side  ; 
therefore  there  is  the  up-and-down  and  rotatory  motion  effected 
by  these  two  bones.  But  as  these  motiona  are  limited  and 
man  requires  move,  the  flexibility  of  the  spine  comes  to  our  as- 
mstanco,  and  thus  we  can  freely  move  the  head  in  any  dii'ection. 
Ntnr,  as  tbe  joint  of  the  head  and  the  spine  is  not  quite  in  the 
omtre  of  the  bottom  of  the  stull,  the  head,  unsupported,  would 
Aap  forward ;  to  prevent  whit-h  in  the  living  subject  there  is 
a  strong  Ugaroent  coming  from  the  cervical  vertobne,  and 
fintened  to  the  bottom  part  of  the  aknll,  When  in  a  aitting 
position,  and  sleep  overcomes  us,  the  muscles  relax  and  the 
head  drops  forward. 

The  contrivance  to  give  elasticity  to  the  spine  consists  of  a 
soft,  firm,  elastic  aubstance,  about  half  os  bulky  as  the  vertebra 
itself,  that  is  inserted  between  each  vertebra;  this  in  some 
parlB  JB  thicker  before  than  behind,  so  that  when  we  stoop 
forward,  it  is  compressed,  and  the  surfaces  of  the  bones  of  the 
vertebra  become  more  parallel  to  each  other  than  before,  and 
no  c^teuing  between  takes  place ;  then,  when  the  pressure  is 
relieved,  the  elasticity,  like  a  spring,  sends  the  body  again  into 
bh  erect  position  ;  while  any  danger  that  might  arise  from  a 
nhcxtk  at  the  lower  part  is  removed  by  this  body  of  elastic 
substance,  which  prevents  the  haird  and  miyielding  bone,  or 
donble  lin^s,  from  coming  in  contact. 

The  column  is  accurately  described  as  a  chain,  from  its  firm- 
ans and  flexibihty.  The  number  of  the  joints  give  the  pliancy 
it  possesscB,  which  is  greater  in  the  loins,  being  more  required 
in  that  part  than  in  the  back  where  firmness  is  necessary,  and 
greatest  of  all  in  the  neck,  on  which  has  to  move  that  part 
cODtaining  the  organs  of  sight.  Then  to  preserve  uninjured 
tho  spinal  marrow,  and  yet  to  allow  of  free  movement  of  the 
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pBiia  contwmng  it,  the  processea  and  projections  of  the  verto- 
brffi  BO  lock  in  with  and  overlap  each  other,  as  securely  to 
prevent  the  slightest  derangement  of  the  bones,  and  the  free 
unharmed  continuation  of  the  delicate  cord.  Though  we  may 
bend  the  buck  to  a  great  extent  either  backward  or  forward, 
yet  ita  many  links  prevent  any  port  from  being  overatrained. 
We  know  that  if  we  give  conaidorahle  inclination  to  a  eane, 
that  although,  on  the  whole,  there  is  a  great  bend,  yet  each 
individual  part  is  only  bent  to  a  small  extent.  To  add  still 
fiirther  to  the  compactnesa  of  the  elasticity,  a  ligamentous 
substance  joins  the  roots  of  the  spinous  processes  to  each  oth^. 
In  fact,  the  whole  is  really  stronger  than  if  a  solid  column  rf 
bone  had  been  inserted,  so  perfect  and  far-seeing  is  the  design 
of  the  great  Arehiteot  of  the  human  frame. 

The  contortioniBts  who  exhibit  their  feats  in  the  streeta  and 
public  places  of  amusement,  rarely  injure  their  spinee;  Etnd 
diseases  of  that  part  are  rare,  excepting  those  brought  on  by  b 
false  and  pernicious  system  of  education.  Keeping  the  boctjr 
too  long  in  an  upright  [wsition,  and  not  allowing  free  scope  to 
the  excess  of  animal  spirits  in  the  young,  is  frequently  the 
cause  of  spinal  distortion,  as  well  as  the  bandaging  <^  the 
youthful  frames  of  females,  with  bars  or  splints  of  steel  and 
whalebone,  to  distort  them  from  the  eomolijiess  and  elegance  of 
nature's  outline,  is  distinctive  of  an  obliquity  of  intelleet  and 
ignorance  of  beauty  that  is  ridiculous  and  culpable.  Hty  tiie 
Chinese  ladies,  indeed !  when  pains  arc  taken  to  pervert  ibit 
henehocnt  laws  ordained  by  an  unerring  Godhead,  to  render  it 
creature  divinely  perfect  a  deformed  object  throughout  life— to 
entail  frightftil  diseases  by  inhuman  fashions — ^to  invite  on 
early  tomb  for  a  loved  and  loving  ofEspring.  Dr,  Amott 
truly  remarks — "  It  would  be  disgusting  to  ace  an  attenqrt 
made  to  improve  the  strength  and  shajte  of  a  young  racehofflfl 
and  greyhound,  by  binding  light  splints  or  stays  round  tte 
beautiful  young  body,  and  then  tying  it  up  in  a  staU;  butthtB 
is  the  kind  of  absurdity  and  cruelty  which  has  been  eo  com- 
monly practised  in  this  country  towards  what  muy  well  be  called 
the  most  faultless  of  created  things." 

Forming  a  powerfiil  bony  elastic  exterior  to  a  hollow  interiw 
is  accomplished  by  the  ribs  attached  to  the  spine.  The  t^ 
are  long,  curved,  flattened  narrow  bones  attached  at  the  bacJC 
to  the  spine,  or  that  part  caUed  the  dorsal  vertebrte,  and  thc^ 


rse  processes  being  joined  ia  front  liy  an  elastic  carti- 
h  nfflxL'd  to  the  ateraum  or  breaet-hone.  They  are  twelve 
ETnamber  ;  tlie  upper  seren  we  called  the  true  ribs,  and  the 
lower  fire,  tiie  cart^iiges  of  which  do  not  reach  the  sternum, 
are  named  the  fiilsa  ribs.  Greater  security  to  these  bones 
ia  ensured  from  their  not  being  straight,  but  hongmg  down- 
wards like  the  lower  part  of  the  sunshade  ladies  affix  to  their 
"bonnets ;  but  there  is  another  advantage :  in  the  action  of 
filling  the  lungs  with  iiir,  the  rilis  rise  up  and  enlai^e  the 
space  for  the  reception  of  the  breath,  while  the  great  elaatieitj 
of  the  cartilagG  aids  this  important  action,  and  also  gives  wa^ 
to  any  sudden  blow.  This  could  not  bo  so  well  effected,  ^ 
instead  of  the  cartilage  there  had  been  a  bony  joint.  In 
stooping  forward  or  on  either  side,  the  elastic  suhatanee  readily 
yields,  and  recovers  itself  by  its  spring.  The  muscles,  which 
hme  their  or^iin  on  the  ribs,  and  their  insertion  into  the  bonea 
dUhe  arm,  afford  us  an  example  of  action  and  reaction,  being 

■ml  and  contrary.  When  ^e  ribs  are  fised,  these  muaciea 
tft  the  arm ;  and  when  the  arm  ia  fised,  by  resting  on 
Iniir  or  other  object,  they  move  the  riha.  This  ia  seen 
flte  of  asthma  and  dyspnosa  (difficulty  or  shortness  of 
binatliiiig).  As  age  advances,  the  cartilage  becomes  boay,  and 
hence  less  suitable  for  any  Tiolent  esertiun  of  the  respiratory 
organs  j  this  should  lead  us  to  be  tender  of  those  who  have 
reached  "the  evening  of  life;"  and  truly  are  men  philan- 
tltropista,  who  would  provide  ease  and  comfort,  after  a  certain 
age,  for  those  who  have,  unprofitahly  to  themselves,  spent  the 
eneigj  of  their  prime  of  life  in  labour. 

nicrtoM?tfar-;joi'ii(,  which  enables  us  to  exert  great  strength, 
and  has  suoh  freedom  of  action,  ia  formed  by  the  round  head 
at  the  ehonlder-bone,  called  the  humerus ;  this  ia  placed  in  a 
shallow  cup  of  the  hladc-bone  or  scapula,  and  together  they  form 
a  ball-and-socket  joint ;  there  are  two  strong  bony  projections 
above  and  behind  that  keep  it  in  its  place,  and  the  ends  of  the 
bones  are  enclosed  by  a  thick  and  strong  membrane,  so  that 
ition  ia  provided  against.  The  two  objects  of  strength 
jnt  of  motion  are  thus  carefully  secured ;  and  to  add  to 
:,  the  shoulder-blade  holding  the  round  head  of  the 
.0  sUdes  abont  upon  the  hollow  of  the  chest,  held,  how- 
K-witbin  bounds  by  a  strong  iigament  to  the  breast-hone. 
i  eiavicU  or  coUar-bone  is  of  a  slightly  arched  form, 
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and  has  attachments  to  the  breast-bone  and  blade-bone  in  a 
shallow  cavity.  It  is  of  great  strength,  but  from  its  situation 
liable  to  accidents.  On  it,  and  the  bed  of  muscles  near,  great 
burdens  are  supported  in  many  industrial  occupations. 

At  the  upper  and  back  part  of  the  chest  is  the  hlade^hone ; 
this,  to  the  mechanist,  is  an  example  of  lightness  combined  with 
strength.  When  the  wheelwright  desires  to  give  the  best  form 
to  his  work,  he  makes  the  felly,  the  spokes,  end  the  nave 
strong,  and  bends  the  spokes  inward,  in  a  manner  termed 
dishinr/;  and  thus  is  the  blade-bone  constructed,  slightly 
arched,  with  its  principal  strength  at  the  edges  and  spines, 
And  other  parts  thin  and  light.  This  simple  and  incomparable 
mode  of  construction  is  found  generally  in  animals  possessed 
•of  bony  frameworks. 

Joined  by  a  hinge-joint  at  the  elbow  is  the  ami-hone,  or 
humerus  to  the  ulna  or  fore-m*m  bone  and  radius ;  motion 
here  is  only  a  backward  and  forward  one,  being  restrained  by 
strong  ligaments  from  any  lateral  motion ;  thus  it  is  a  mere 
hinge,  and  can  only  be  considered  as  a  lever,  as  the  muscles 
that  move  this  part  are  long,  very  much  slanted,  and  have  to 
act  near  to  Ihe  fulcrum  or  centre  of  motion.  They  have  con- 
sequently to  be  veiy  strong.  In  fact,  it  is  calculated  that  the 
muscles  of  the  shoulder-joint,  when  lifting,  put  forth  a  force 
of  2000  lbs.  As,  however,  there  is  ever  wisdom  and  goodness 
in  the  works  of  Providence,  what  is  lost  in  leverage  power  of 
the  arm  is  gained  in  velocity ;  and  thus  by  rapidity  of  action 
we  make  up  for  the  sacrifice  of  power.  How  lost  should  we 
be,  were  the  muscles  diiFerent,  formed  for  giving  only  immense 
.strength,  and  accompanied  with  slowness  of  movement !  We 
then  could  not  so  speedily  protect  ourselves  by  raising  the  hand 
and  arm,  and  from  many  of  our  present  enjoyments  we  should 
be  debarred. 

The  wrist  and  hand  is  divided  by  anatomists,  first,  into  four 
bones;  these,  with  the  arm-bone,  called  the  radius,form  the  joint: 
the  first  four  bones  are  joined  to  other  four,  and  these  eight 
bones  constitute  the  wrist ;  from  this  part  proceed  five  bones, 
which  may  be  felt  at  the  back  of  the  hand ;  joined  to  these  are 
the  three  bones  in  succession  of  each  finger,  and  the  two  form- 
ing the  thumb.  The  turning  round  of  the  hand  and  wrist  is 
effected  by  the  radius-bone  of  the  arm  revolving  round  the 
ulna-bone,  and  of  course  the  hand  with  it,  without  the  wrist- 


joint  moving.  ["It  is  obvious  tliat  this  importnnt  bono  derives 
its  name  from  its  power  of  motion  in  Kuiii,  or  circles.]  Not 
only  do  ive  gain  flexibility  nnd  power  by  having  a  number 
of  email  bones  in  the  hand  and  wrist,  but  alao  numerous 
shocks  to  which  it  is  subject  are  deadened  before  reaching  the 
higher  parts  of  the  arm.  At  the  wrisl-joint  a  strong  ligament 
passes  around  it,  by  ■which  the  tendons  that  proceed  from 
tlie  arms  for  the  movement  of  the  fingers  arc  bound  together ; 
were  this  not  the  case,  we  should  have  a  hand  about  as  shape- 
less ai  a  hoof,  and  not  much  more  useful ;  whereas  we  now 
ni>t  only  have  grace  nnd  beauty  bj*  this  arrangement,  but  also 
etrcngth  with  oorabined  motion,  and  delicacy  in  partial  motion, 
as  of  the  fingers  itlono,  instead  of  weakness.  "Eio  mechanism 
of  the  hand  is  one  worthy  of  careful  study  and  deep  reflection, 
lieing  one  of  the  principal  Bouroes  of  man's  pre-eminence  in 
crufttion,  and  aided  by  reason,  displays  in  distinct  characters 
the  marvollou'jncss  of  the  worka  of  the  Divine  mechanic. 

As  observed  in  a  previous  ebapter,  the  nearer  a  weight  is  to 
the  fulcrum,  the  greater  the  amount  that  can  be  borne ;  from 
experience  we  know  wo  ean  sustain  a  weight  o 
the  joint,  that  we  could  not 
hold  in  the  hand  of  the  oiit- 
strtftched  arm. 

In  the  annexed  diagram, 
a  (6g.  eS)  is  the  fiilcrum  or 
point  of  reaistancc,  e  is  the 
weight  pressing  downwards, 
KTid  lit  6  is  the  mnscio  that 
draws  upward.  Now  if  a 
two-pound  weight  be  placed  Fig.  G.3. 

onp  inch  from  the  fulcrum  of  the  joint  and  then  moved  to  the 
eontro  of  the  hand,  and  sny  the  iHstancc  it  is  removed  ia  fifteen 
incbcs,  then  to  find  the  force  with  which  the  weight  will  press 
downworda,  the  distonce  must  be  multiplied  by  the  weight. 
in  this  example,  the  foroc  that  will  press  downwards  will  be 
Mjual  to  thirty  poaads. 

To  Bupjwrt  the  spinal  column  and  unite  the  two  columns  of   j 
loeumoUoQ,  the  logs,  there  is  a  broad,  light,  hollowed  bone 
oUeid  the  j)c?i'i».     The  two  haunch  or  hip-bones  are  large, 
asd  when  no  stringth  can   bo  gained  by  its  presence  the 
bray  Butatanco  is  cmit'cd.    They  present  a  broiid  surface,  and 


84  imcH.uncs. 

ore  en  pla<?ed  oa  to  form  an  inverted  arch ;  a  form  combining 
the  grciattist  strengtli  witli  economy  of  material.  The  hoUoir 
receives  the  lower  port  of  the  ahdominal  viscera.  To  the 
upper  edge  of  the  pelvis  is  firmly  joined  that  part  of  the  spinal 
colnmn  named  the  aacrum.  Powerful  muscles  are  attached  to 
the  bone,  the  lower  portion  of  which,  forming  two  large  pro- 
jectiona,  support  the  hody  -when  in  a  sitting  poeition.  The 
bones  are  connected  by  cartilaginous  surfecea  and  large  liga- 
menta  so  strongly,  that  the  whole  must  be  destroyed  before 
any  one  part  will  yield. 

The  hip-joint  is  an  admirable  adaptation  of  the  ball-and- 
aooket  joint  :  a  lai^e  rounded  head-part  of  the  tbigh-boae  fita 
into  a.  deep  cup  of  tho  haunch,  and  ia  prevented  from  sUpping 
out  by  a  at^'ong  and  deep  cavity.  J'rora  the  bottom  of  the  cap 
and  around  the  edges,  cartiliigGS  and  hgamenta  arise,  which  ^o 
security  to  the  joint,  and  rcaiat  any  force  likely  to  difipletoe  tibe 
bone,  while  at  the  same  time  it  allows  a  tree  motion  to  tiifl 
foot,  and  ample  range  to  the  various  actions  of  the  leg. 

In  the  thiijh-bone  the  rounded  head  atanda  off  from  the 
shaft,  but  the  projection  is  ao  placed  that  the  strongth  and 
weight  are  thrown  upon  the  shaft.  The  thigh-bone  beads 
forward  in  an  arched  manner,  and  has  knobs,  to  which  am 
attached  the  powerful  muscles  of  the  leg ;  over  the  fore-pait  of 
the  bone  the  action  of  the  musdea  is  groat,  and  the  eurra  of 
the  bone  eonsoqucntly  gives  a  strength  which  it  wonld  not 
have  had,  had  the  hone  been  straight. 

The  Icnee-joint  ia  composed  of  three  bones,  curious  in  Huir 
arrangement,  at  the  same  time  perfect  for  the  purposes  in- 
tended ;  the  termination  at  this  part  of  the  thigh-bone  appeals 
of  a  rounded  form,  resting  on  a  shallow  cup;  it  implies oo 
strength,  from  the  manner  in  which  it  is  placed.  To  make  vf 
for  this  there  are  two  strong  lateral  hgaments,  and  a  ligament- 
ous rope  within  tho  cavity  of  the  joint.  It  is  a  siogiilar  pro- 
perty of  the  ligaments  on  the  inside  of  the  knees,  that  they 
become  stronger  the  greater  the  straia  upon  them.  The 
duties  thrown  upon  the  ligaments  here  increase  the  great  elas- 
ticity of  the  limb  so  often  called  into  use  in  violent  quick 
ezerciae,  and  is  another  of  those  arrangements  nhich  are  bo 
inimitably  suited  to  give  ajlvantage  to  man's  position  in  the 
scale  of  organized  beings. 

The  large  muscles  of  the  front  of  the  thigh  are  attached  to 
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the  leg  below  the  knee,  and  in  their  paasage  have  to  pasa  o 
the  part  where  the  joint  of  tho  knee  exists.  Before  they 
arrive  there  they  are  contracted  into  a  tendon,  and  become 
mserted  into  the  bony  stracturc  in  iroat  of  the  Joint ;  this 
bone,  called  the  patella  or  knee-pan,  is  a  valuable  proteetion 
to  the  joint.  By  this  arnmgenient  a  mechanical  advantogB 
»  gwned,  the  centre  of  motion  hoing  increased  in  distanca 
&om  the  palling  power, 

The  bones  of  the  leff  much  resemble  those  of  the  arm  :  tho 
latest  is  called  the  tibia,  leg,  or  pipe ;   and  the  smaller  the 
fibula,  or  brace ;  they  are  angular,  as  a  preservation  from  in- 
joriea,  and  affording  a  considerable  surface  for  the  attachmeatfi   I 
of  the  various  muscles.     A  largo  flat  portion  of  the  tibia  b    | 
eovered  only  by  skin,  and  is  named  the  shin. 

Between  the  two  bones  of  the  leg  jnst  named,  which  projoot 
mt  each  side  to  form  tho  anMts,  is  received  the  great  articola- 
fii^  bone  of  tho  foot  called  the  astragalus  ;  when  the  foot  ia 
niscd,  this  joint  is  fixed,  and  aa  the  body  comes  down,  tho 
snpport  is  thus  firm  and  steady  to  bear  its  weight.  The  tendons 
are  bound  down  by  a  ligament  passing  over  them,  as  at  the 
wrist ;  were  it  not  the  case,  the  foot  would  more  resemble  in. 
shape  that  of  an  elephant's,  and  although  the  tendon  woaM 
have  greater  power  to  draw  np  the  toe  on  which  it  acts,  yet  its  J 
t^dity  of  movement  would  be  lost.  One  of  the  tendons  passeB 
bIoi^  a  groove  under  the  bony  projection  of  the  inner  ankle, 
exactly  as  we  place  ropes  over  a  imUey. 

In  the  foot  there  are  thirty-six  bones;  of  these,  seven  eora- 
prise  ttie  tarsuB,  or  part  that  reaches  from  the  heel  to  tho 
middle  of  tho  foot.  The  heel,  by  projecting  backwardt,  forms  a 
powerfiU  lover,  on  which  the  muscles  of  the  back  of  tho  leg, 
tenninsting  in  the  Achilles  tendon,  act  by  lifting  up  the  body 
Kud  throwing  its  weight  on  tho  toes.  When  the  muscles  of 
the  calf  are  naturally  small,  as  in  the  black  race,  the  length 
of  the  lever  of  tho  heel  is  increased,  and  thus  a  provision  to 
nuke  uji  the  other  deficiency,  Sest  to  the  tarsus  are  five 
bones  placed  parallel  to  each  other,  called  the  metatarsus,  from, 
irhich  proceed  the  three  bones  of  each  too ;  tho  great  toe  haa 
only  two.  Ab  tho  foot  comen  to  the  ground,  the  heel  touches 
first,  next  the  balls  of  the  toes,  then  it  rests  on  a  beautifld, 
Sdi ;  the  surfaces  of  the  bones  are  protected  by  a  layer  of  earti- 

jB  iJaced  between  each,  and  tliey  are  lubricated  with  an  oily 
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flnid :  thns,  in  consequence  of  the  number  of  joints  and  the  na- 
ture of  the  surfaces,  tiie  whole  is  rendered  completely  elastic  and 
fitting  for  the  various  shocks  in  walking,  running,  and  leap-*" 
ing;  for  what  can  we  conceive  permitting  of  a  more  easy 
springing  carriage  than  that  of  an  elastic  arch  ?  If  a  small 
arch  was  built  up  of  wedges  haviog  pieces  of  india-rubber  placed 
between  each,  it  would  resemble  the  mechanism  of  the  foot. 

In  walking,  we  sway  a  little  to  one  side,  then  to  the  other,  as 
the  w  eight  of  the  body  is  moved  from  one  foot  to  the  other ; 
but  were  the  leg  inelastic,  as  when  a  wooden  one  has  to  supply 
the  place  of  a  natural  one,  the  lower  part  would  have  to  be 
advanced  in  a  kind  of  hall-circle ;  from  a  slight  bend  of  the 
knee,  and  the  contraction  and  lengthening  of  the  muscles,  the 
leg  is  moved  straight  forward,  and  thus  the  body  more  easily 
and  steadily  progresses. 

Even  tlus  cursory  and  popular  glance  at  the  mechanical 
arrangement  of  the  framework  of  the  human  body  must  strike 
all  with  gratitude  and  lead  us  to  see  we  are  "  fearfully  and 
wonderfully  made;"  still  there  are  other  points  worthy  of  at- 
tention, which  have  not  yet  been  noticed. 

A  teacher  of  medicine  in  the  sixteenth  century  was  accused 
of  promulgating  doctrines  contrary  to  a  belief  in  the  existence 
of  a  God,  and  sentenced  to  death ;  he  repudiated  the  charge, 
and  picking  up  a  straw,  said,  "  If  there  was  nothing  else  in 
nature  to  teach  me  the  existence  of  a  Deity,  even  this  straw 
would  be  suflScient."  This  beautiful  and  simply  expressed 
truth  did  not  perhaps  strike  his  blinded  bigoted  judges  in  the 
manner  it  ought  to  have  done ;  let  us  put  aside  many  other 
important  particulars,  and  merely  examine  the  mechanical 
construction  of  a  straw.  It  is  well  known  that  if  a  beam  resting 
on  each  end  bends  in  the  centre,  the  atoms  of  matter  in  the 
outer  part  of  the  curve  are  slightly  separated  and  only  held 
together  by  the  general  tenacity  of  the  substance,  and  that  the 
atoms  of  matter  in  the  inside  of  the  cuitc  are  driven  closer 
together,  while  the  atoms  of  matter  in  the  centre  of  the  beam, 
called  scientifically  the  neutral  axis,  lie  truly  neutral,  and  may 
be  removed  without  much  damaging  the  strength  of  the  beam. 
This  shows  us  that  a  hollow  piece  of  wood  would  be  about 
as  strong  as  a  sohd  piece,  and  is  one  argument  in  favour  of  a 
4Btraw  being  made  in  this  manner.  But  if  the  material  com- 
posing the  stalk  of  com  wore  formed  into  a  solid,  it  is  palpable 
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to  the  eoTmnoncst  iniderstandiii™,  that  it  woultl  not  have 
strength  enough  to  support  tho  weighty  head  as  it  dues  aa 
graceiiilly  and  secnrcly.  On  this  point  it  has  hcen  proved  by 
Tredgold,  that  when  tho  inner  half-diamotcr  of  o.  hollow 
cylinder  is  to  the  enter  as  seven  to  tea,  it  possesses  twice  tho 
Btrongth  of  a  solid  one  of  the  same  weight :  arising  from  the  sub- 
Btance  being  further  from  the  centre,  and  therefore  resisting 
with  a  longer  lever,  ITiis,  then,  is  condusivo  of  tho  wisdom 
of  a  hollow  form  given  to  tho  straw ;  and  from  such  reason- 
ing originated  the  valuable  improvement  of  hollow  tubular 
bridges,  resulting  in  the  majestic  stmeture  across  the  Menai 
Straits,  .\nother  advantage  which  is  important  is  tho  light- 
ness of  the  tall  coltinjn  of  straw  and  the  economy  of  material, 
whilst  its  height  allows  it  elaiticolly  to  bend  to  the  paasing 
breew)  without  breaking:  each  part  but  gently  feels  the  power 
before  which  it  has  to  bow,  and  consequently  it  rises  again  un- 
injured. Besides  these  circumstances  mentioned,  the  com.- 
e^lk  is  formed  with  an  outer  surface  of  a  hard  material  com- 
pnratively  with  that  of  the  inside,  and  in  many  vegetable  stems 
their  forms  ore  ridged,  angular,  and  tinted.  In  describing  the 
straw  we  have  been  generally  dcacribing  the  structure  of  the 
bone  of  the  human  frame ;  in  one  particular  it  differs,  that  is, 
as  to  rotnndity ;  it  possesses  a  hard  outeide  in  many  placeg, 
more  especially  in  the  teeth  and  spine ;  the  humerus  has  ridges 
to  ffye  strength,  and  it  is  tubular ;  the  whole  osempUlies  light- 
nCM  and  economy  of  material,  as  does  the  straw,  Tho  hollow  of 
tiie  hemes  is  occupied  with  fiue  membranous  colls,  not  eommn- 
g  with  each  other,  but  filli-d  \vith  an  oily  substance  called 
In  some  of  the  extremities  of  the  bones  which  are 
ejqiaiided  to  increase  the  extent  of  surface  about  the  joints,  there 
IB  a  thin  compact  substance  that  looks  like  a  kind  of  honey- 
tamli,  as  we  see  in  the  broken  bones  of  animals  placed  on 
oat  table  as  food.  In  the  oblique  part  of  the  thigh-bone  these 
■re  fbund  to  converge  to  a  point  in  the  shaft,  as  if  supporting 
the  parts  projecting  from  the  centre  of  gravity.  Hard  ns  is  the 
Boifoco  of  a  bono,  it  is  penetrated  by  minute  vessels  which 
convey  nourishment  to  make  up  for  waste  of  substance  and  to 
renew  its  living  material ;  for  the  law  of  nature  is,  that  during 
oar  passage  from  the  cradle  to  the  grave  every  atom  of  us  shall 
he  continually  changing.  These  bony  cells,  called  eancelli,  ciiBt 
in  the  broad  fiat  bones ;  their  outer  eiirtacos,  named  plates  ot 
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tables,  being  Btrong  and  hard.  The  tough  elastic  Buhetance 
cartilago  acts  as  it  pod,  defends  the  bones  flguinst  friction, 
fills  up  irregularities,  giving  a  smooth  gUding  surface  of  a  milk- 
white  pearly  coltrar,  alwapi  "vrlierc  firnmees.  pliancy,  and.  flexi- 
bility are  needed  in  the  body  ;  in  the  spine  and  foot  tJUeae  quali- 
ties so  neutralize  the  effect  of  concussions,  that  neither  the  brain 
nor  spinal  column  suffers  ae  tbey  would  if  they  were  absent. 
The  weight  of  the  upper  part  of  the  body  on  the  cartilages  of 
the  spine  during  the  day  compresses  them,  so  that  a  person  is 
taller  on  rising  in  the  morning  than  on  lying  down  at  night. 
This  compression  has  been  foimd  to  bo  in  some  instaneea  ae 
much  as  an  inch.  The  joints  are  tied  bother  by  strong  un- 
yielding cords  called  ligaments,  which  have  a  tenacity  hardly 
to  be  found  in  any  other  substance.  These  hold  the  bonea  in 
their  places,  and  restrict  their  motion.  The  cartilaginous  ear- 
faces  of  the  joints,  to  aid  ease  of  motion  and  obviate  friction, 
are  lubricated  with  an  oily  fluid,  vulgarly  known  as  joint-oil, 
which  is  secreted  and  coniined  to  those  parts  by  a  very  delicate 
membrane,  called  the  synovial  membrane. 

Bundles  of  minute  fibres  are  joined  together  and  form  a 
muBclo ;  their  cohesion  ia  maintained  by  vital  power :  thus  a 
powerfid.  livingmuscle  is  weak  and  casilytom  when  dead.  Ao- 
cording  to  the  intended  action  of  particular  joints,  so  arc  mosdeB 
placed  to  aid  them  by  their  mechanical  power.  The  contrae- 
tion  of  a  muscle  is  towarda  its  centre ;  hence  it  is  so  placed  and 
shaped  as  best  to  contribute  to  this  mechanical  purpose;  in 
some  instances  there  is  an  increase  of  tendons  to  a  moscle,  in 
others  an  increase  of  muscle  to  a  tendon.  One  of  the  mos^Iee 
of  the  eye-ball  is  a  perfect  pulley,  and  moves  the  eye  in  a  db- 
rection  contrary  to  that  in  which  the  force  is  applied.  In  &uA, 
file  whole  of  the  muscular  system  ia  a  beautiful  adaptation  af 
power  to  the  purposes  of  life. 

The  size  of  the  muscles  depends  much  upon  their  ezercke; 
thus  the  arm  of  the  anchor-smith  is  thick  and  powerful  from 
being  brought  into  constant  and  violent  action ;  the  leg  of  &e 
ploughman  is  a  mere  straight  shank  from  hia  restraining  t^ 
action  of  the  muscles  by  thick  unbendable  laced  boots ;  thus 
the  bluff  brawny-shouldered  man  has  calfless  legs,  and  la 
said  to  be  spindle-shanked.  The  opera-dancer,  who  practases 
''  the  poetry  of  motion,"  has  well -developed  muscles  &om 
incessant  exercise  of  the  feet  and  legs. 


The  strength  of  mnsdeB  by  e. 
perann  of  every  one  in  reference  to  the  a 
of  nsiiig  more  constantly  the  right  hund  the  right  a 
stronger  th""  the  left.  So  n^ligent  have  society  generally 
hecome,  and  so  pemieion3  their  fashions  and  syatema  of  educa- 
tion, that  diaeasea  ariae  Srom  the  inactioa  and  pressure  on  thie 
grand  contrivance  of  leverage  for  motion.  All  exercise  should 
be  moderate,  gradual,  and  repnilar,  like  the  training  of  a  race- 
horBe,  but  not  eacessive,  Whea  a  pri^e-fighter  trains,  h* 
partakes  moderately  of  everything,  eats  underdone  boef-stcaks 
with  an  allowance  of  bread,  and  thus  raises  the  power  of  his 
niuaeles  to  the  utmost  pitch  for  the  occasion ;  but  were  he 
to  continue  this  system,  disease  with  its  accompanying  pro- 
Btmtion  would  ensue.  Dr.  Amott  observes,  "  As  animal 
pawei  is  exhausted  exactly  in  proportion  to  the  intensity  of 
force  exerted,  there  may  often  be  a  great  saving  of  it  by  doing  1 
work  quiekly,  although  with  a  httle  more  exertion  during  the  I 
time.  Suppose  two  men  of  equal  weight  to  ascend  the  same 
Btair.  one  of  whom  takes  only  a  minute  to  reach  the  top,  and 
the  other  takes  four  minutes ;  it  will  cost  the  first  little  more 
titan  a  fourth  part  of  the  fatigue  which  it  cost  the  second, 
Btbe  exbaustion  is  in  proportion  to  the  time  during 
the  muBclea  are  actiiig.  The  quick  mover  may  have 
»d  perhaps  one-twentieth  more  force  in  the  first  instance, 

rgtre  his  body  the  greater  velocity,  which  was  afterwards 
omlinQed;  bat  the  slothful  supported  his  load  four  times  as  long. 
The  rapid  waste  of  muscular  strength  which  arises  from  con- 
tinned  action,  is  shown  by  keeping  the  arm  extended  horizon- 
tally for  some  time :  few  con  continue  the  esertion  beyond  a 
minute  or  two."  Nevertheless  the  fakirs  of  India,  the  country 
where  bigotry  overpowers  nature,  will  stretch  out  an  arm  and 
hold  it  in  that  position  until  this  muscles  become  i:igid  and 
wasted,  and  the  arm  immoveable. 

The  power  of  the  raosdea  of  man  is  far  beyond  that  of  any 
animal  approaching  his  siie  ;  there  are  instances  of  the  capa- 
tnlity  of  endurance  of  muscular  fatigue  and  exertion  almost 
inwediblc,  and  never  equalled  by  quadrupeds.  We  have  re- 
ferred to  the  feat  of  Topham :  and  there  was  that  of  Carr  the 
Uacksmith,  who  lifted  up  a  large  anchor  of  a  ship  and  carried 
Lt  over  the  sands  at  the  sea-ahore  to  hia  workshop, — a  weight 
that  would  have  broken  the  back  of  a  horse.     This  same  man 
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on  one  occasion  laboured  at  his  fatiguing  employment  daring 
upwards  of  ninety  hours  without  cessation.  In  consecutiye 
days'  journeys  a  horse  cannot  compete  with  a  man ;  the  former 
becoming  exhausted,  while  the  latter  seems  to  add  to  his 
powers  of  continuance.  The  fatigue  of  walking  a  thousand 
miles  in  a  thousand  hours,  uninterruptedly,  and  part  of  that 
backwards,  is  an  act  showing  a  continuance  of  muscular  exer- 
tion that  no  animal  could  sustain ;  and  we  suspect  it  would 
i>e  difficult  to  meet  with  a  quadruped,  i\ith  all  its  advantage  of 
length  of  leg  for  progressive  motion,  that  could  walk  ten  miles 
in  one  hour  and  twenty- two  minutes ; — ^yet  such  feats  have 
some  men  delighted  in  accomplishing. 

MecTiamsm  of  other  portions  of  the  Animal  Economy, 

There  are  other  parts  of  the  human  frame  destined  to  per* 
form  hydrostatic  and  pneumatic  operations,haviag  pipes,  valves, 
capillaiy  tubes,  and  other  wondeif  ol  arrangements  for  carrying 
on  the  vital  principle  that  animates  the  body,  and  to  which  a 
few  pages  may  be  usefully  and  appropriately  devoted. 

We  have  noticed  the  teeth  cut  and  grind  the  food  by  a  power 
derived  from  the  nerves ;  the  muscles  move  the  jaws,  which 
become  powerful  levers :  the  tongue  moves  the  food  about,  and 
places  it  under  the  grinding  teeth  until  it  is  sufficiently  reduced 
in  size  to  swallow :  the  hps  prevent  its  f:iUing  out.  While 
the  muscles  are  acting  on  the  jaws,  they  also  compress  glands 
situated  between  the  ear  and  lower  jaw-bone,  and  beneath 
the  tongue :  from  these  proceed  minute  ducts  to  the  middle  of 
the  cheek  rather  neim>r  to  the  ear,  others  open  at  each  side  of 
the  membrane  which  ties  the  tongue  down  to  the  inside  of  the 
lower  jaw ;  from  these  a  watery  fluid  exudes  called  saliva, 
which  softens  and  mixes  with  the  food,  that  it  may  the  more 
easily  glide  down  the  thrv>at.  The  tongue,  moving  upward  and 
backwiird,  rvdls  the  ;Uiment  into  that  port  seoi  on  looking 
a*  the  back  |>art  of  an  oiH^n  mouth,  which  is  named  the 
pharynx :  hexv  aro  a  number  of  muscular  fibres,  which,  by 
ivniracting,  fvxrvv  the  fvvxl  towards  the  stomach.  The  larynx 
is*  howevvr*  ikrserviug  of  farther  notice,  i>n  looking  upward, 
may  be  se«»i  two  lorpf  o|¥>niugs  leading  to  the  nostrils. 
Between  tho»  and  the  entrance  frv^n  the  moudi  is  the  soft 
palaie*  a  kind  of  decshy  moveable  curtain,  and  in  the  middle 
<if  this  is  «  pointed  little  lump»  which  projects  ootwaid,  named 
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^^^B  ovula.  On  eauh  sido  there  arc  bodirs  of  a  glaitdnlar 
^^Htofc,  whoso  office  it  is  to  secrete  a  lubricating  fluid,  to 
^^KSlitate  the  easy  paasage  of  the  yaaty  mass  of  aliment;  these 
■too  the  tonsils.  The  larj-nx,  or  oommencemcnt  of  the  wind- 
pipe, is  placed  before  tho  pharj-nx  just  at  tho  root  of  the 
tongue ;  near  this  part  is  tlio  glottis,  ia  front  of  which  is  a 
"laginous.  valvo,  standing  perjiendicularly,  designated  the 
"We  all  know  the  great  sensibility  of  the  membrane 
e  windpipe,  and  that  if  the  slightest  morsel  of  food  or 
r  matter  touches  it,  from  its  iiritoblo  nature  a  convulsive 
m  of  coughing  ensnos ;  and  thus  the  folly  of  laughing  or  talk- 
ii^  when  eating  meets  with  n  paiaful  punishment :  yet  every 
particle  of  food  has  to  pasa  over  tho  glottis,  and  this  leads  us 
to  the  mfchitnism  of  the  art  of  eating,  When  we  perform  the 
act  of  sw!tllo«-ing,  the  tongue  moves  backward,  at  the  same 
time  the  windpipe  ia  mised  upwards,  and  tho  epiglottis  de- 
scends, which  efi'ectually  covers  the  opening ;  while  the  food, 
having  reached  the  pharyns,  presses  upon  it,  and  thus  keeps 
it  still  more  securely  dosed,  Tlio  aliment  having  glided  post, 
tho  tongue  returns  to  it-s  former  position;  the  windpipe  is 
drawn  down,  the  epiglottis  is  again  erect,  and  there  is  (   " 

open  passage  for  breathing.     This  beautiful  simple  mechi 

act«  iTOm  the  motion  of  the  parts  themselves,  independent 
the  will  of  tho  person  or  animal.  But  during  this  time 
moveable  cttrtain  has  been  assisting,  for  it  closed 
opouingB,  so  that  nothing  should  pass  in  that  direction  ;  and 
were  anything  rejected  by  tho  stomach,  it  is  thrown,  in  such 
puinful  uircumstances,  with  force  against  that  part,  and  would 
thus  find  an  exit ;  but  it  is  very  difficult  to  force  this  passage, 
from  the  elevation  of  tlie  soft  palate  over  tho  openings. 

TTie  windpipe  is  divided  into  three  parts,  called  tho  larynx, 
tho  trachea,  and  tho  bronchi.  The  larj-ns,  wo  have  said, 
opens  at  the  root  of  the  tongue,  and  is  the  upper  part  of  the 
tratJica.  Five  pieces  of  cartilage  compose  this  important 
piece  of  mechaninm ;  the  lergoBt.  named  thyroid,  consists  of  two 
.imgolur  i{uadrangular  pieces  which  unite  at  on  obtuse  angle 
in  front,  and  project  at  the  fore-part  of  tho  neck.  This  pro- 
jection, which  is  strongly  developed  in  men,  the  vulgar  bebcvo 
or  say  originated  in  tho  moment  of  hositation  of  our  first  pro- 
genitor before  swallowing  the  forbidden  fruit,  which,  in  aa  evil 
mooumt,  he  had  been  induced  to  lake,  and  was  to  lead  to  sin; 
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hence  it  is  named  pomum  Adami,  or  Adam's  apple.  Several 
ligaments  are  attached  to  the  cartilages,  and  between  two  of 
them,  the  vocal  chords,  is  a  chink  or  cleft  for  the  passage  of 
the  air ;  through  these  we  force  the  air,  and  the  voice  is  pro- 
duced. The  lining  of  the  larynx  is  softened  by  a  plentiful 
supply  of  mucus,  which  defends  it  from  the  cold  or  heat  of 
the  external  air.  It  is  perfectly  pliant  to  the  movements 
of  the  neck.  One  of  the  cartilages,  cricoid,  has  the  shape 
of  a  ring  with  a  seal  in  it ;  the  broadest  part,  being  placed 
behind,  connects  two  pyramidal  portions  of  a  cartilage,  ary- 
tenoid, whose  movements  alter  the  size  of  the  aperture  of 
the  glottis,  and  slacken  or  bring  together  the  vocal  chords ; 
and  thus  produce  all  the  beautiful  modulations  and  tones  of 
that  most  divine  harmony  of  which  the  human  voice  is 
capable. 

The  trachea  extends  to  the  bronchi,  and  is  a  tube  of  from 
five  to  seven-eighths  of  an  inch  in  diameter ;  it  is  in  the  middle 
of  the  fore-part  of  the  neck,  and  before  the  gullet.  \  If  we  take 
some  hoops,  cut  away  about  the  fourth  part,  then  taper  the 
ends,  lay  a  thick  part  on  the  thin  part  of  the  other,  and  thns 
bmld  them  up,  attaching  them  to  each  other  by  an  elastie 
membrane,  we  form  a  pliant  pipe,  and  one  having  a  resemblance 
to  the  trachea.  It  is  very  sensitive,  and  lubricated  with  mucus. 
The  bronchi  are  a  continuation  of  the  trachea  divided  into  two 
separate  tubes  branching  off  to  the  two  lungs, — ^the  right  is  the 
largest  and  the  shortest ;  these  divide  into  smaller  and  smaller 
branches,  and  ramify  as  air-cells  in  every  part  of  the  lungs ;  it 
is  the  inflammation  of  these  fine  tubes,  or  their  disorganiza- 
tion, that  creates  the  distressing  and  often  fatal  malady  called 
bronchitis. 

To  return  to  the  food  which  had  got  as  far  on  its  journey 
as  the  muscular  tube,  called  the  gullet  or  oesophagus^  from 
whence  it  passes  downward  to  the  stomach ;  this  is  a  mus- 
cular membranous  bag  somewhat  in  the  shape  of  the  Scotch 
bagpipes,  larger  at  the  left,  and  decreasing  in  size  to  the 
right,  curved  or  arched  at  its  exterior,  with  two  openings, 
and  capable  of  holding  from  five  to  eleven  pints.  The  inside 
bears  a  resemblance  in  structure  to  velvet. 

The  effect  of  the  folly  and  impropriety  of  indulging  too 
much  in  any  food  that  is  gratifying  to  the  taste  may  here  be 
noted.    The  abdomen  is  rendered  tense  and  projects ;  and  bj 


its  enlargement  the  part  callod  the  diaphragm  or  i 
which  divides  what  is  termed  the  superior  from  the  inferioB 
parts,  or  the  cavity  of  the  chest  from  the  abdomen,  is  forced 
upward  into  the  cheat,  which  allowing  less  room  for  the  action 
of  the  important  flinctions  there  performed,  the  hreathing 
beWEDCE  difficult,  and  is  hurried,  tiua  rendering  speech  often 
what  ia  popularly  termed  thick ;  hy  the  fulness  of  the  abdo- 
men the  blood  is  driven  to  other  parts,  and  often  ascends  to 
the  head,  where,  collecting  in  tie  arteries  in  too  great  aa 
abondnnce,  it  produces  that  fatal  malady,  apoplexy. 

After  the  food  reaches  the  stomach,  a  Hijnid  oozes  out  of  the 
internal  glandular  surface,  called  the  gastric  juice.  This  juioe 
will  dissoiye  almost  any  gubstance,  the  casing  of  seeds  forming 
an  exception ;  it  reduces  the  food  into  a  mass,  chyme,  which 
next  passes  a  contracted  ring,  the  pyloms,  or  keeper  of  the 
gate  (this  prevented  its  egrCBs  until  the  gastric  juice  had  per- 
(onned  its  duty) ;  it  then  enters  the  smaller  inteBtino,  the  duo- 
denum ;  journeying  onward  it  receives  a  mixture  of  bile  and 
pancreatic  juice  from  the  hvcr  and  pancreas ;  the  milky  fluid 
known  as  chyle  is  now  produced,  and  absorbed  by  lacteals,  or 
Hulk-tubes,  which  convey  it  te  a  vessel  near  the  heart,  where 
it  finally  mingles  with  the  blood  and  nourishes  the  body.  Th^H 
distance  it  travels  is  about  that  of  sis  times  the  length  of  t! 
body. 

The  intestinal  canal  is  smooth  in  its  outer  surface,  and  sup*  I 
plied  with  o  slippery  fluid,  whereby  it  ghdes  about  with  perfect 
CEtM.  The  espuision  of  the  refuse  from  thence  takes  place  by 
the  dasticity  and  musculai'ity  of  the  coats,  which,  by  success- 
ire  contractions  of  its  fibres  from  the  higher  to  the  lower^ 
parta,  act  by  a  gentle  pressure  around  the  tube,  carrjia 
oaward  the  contents.  The  abdomen  may  be  considered  ( 
Teasel  Aill  of  liquid,  on  which  there  is  a  pressure  in  all  direo-^ 
draia,  increasing  with  the  depth  (see  Hydrostatics),  and  i 
creased  also  by  the  action  of  the  surrounding  muscles  whicli 
&tin  the  sides  of  the  cavity. 

Straining,  or  strong  action  of  the  abdominal  muscles,  and 
therefore  pressure  on  the  abdominal  contents,  occurs  with 
almost  every  bodily  exertion  ;  for  the  abdominal  muscles  are 
thi*  antagonists  of  the  great  muscles  of  the  back  and  about  the 
(pine,  and  must  always  come  into  play  with  them,  to  give 
finnneas  and  rigidity  to  the  trunk  of  the  body.     This  may  bo 


94  icEcnAincs. 

seen  remarkably  in  tho  actions  of  lifting,  running,  wrest- 
ling, &c.  As  the  abdominal  muscles  cannot  act  in  a  continued 
way  and  strongly,  unless  the  ribs,  from  which  they  arise, 
become  nearly  fixed,  during  exertion  the  ribs  are  supported  by 
the  intercostal  muscles,  and  by  the  air  in  the  chest,  confined 
for  a  time  by  the  closure  of  the  air-passages  in  the  throat ; 
hence  there  is  generally  compression  in  the  chest  also  when 
the  abdomen  is  compressed,  and  the  blood  is  squeezed  towards 
the  extremities  from  both  cavities  at  once.  It  is  important  to 
remark  here,  that  in  what  are  termed  the  strong  actions  of  the 
chest,  as  coughing,  sneezing,  blowing,  tfec,  the  abdominal 
muscles  are  the  great  agents.  By  pulling  do^vn  the  ribs  to 
which  they  are  attached,  they  narrow  the  chest;  and  by 
pressing  the  abdominal  contents,  and  thus  raising  up  the  dia- 
phragm, they  shorten  the  chest. 

We  have  proceeded  as  far  as  the  formation  of  food  into  a 
substance  whicl^  replenishes  that  important  fluid  the  blood, 
the  circulation  of  which  is  a  subject  of  interest.  That  portion 
of  tho  scientific  world  pursuing  the  ennobling  study  of  anatomy 
owes  its  progressive  impulse  to  the  grand  discovery  of  tho 
circulation  of  the  blood  by  that  renowned  Englishman  Dr. 
Harvey,  who  announced  the  fact  in  1628. 

The  arteries  and  veins  are  arborescent  over  the  entire  body ; 
springing  from  a  root,  the  heart,  the  thickly-placed  branches 
and  twigs  of  which  ramify  through  every  part. 

The  position  of  the  lungs,  heart,  and  principal  vessels  of  the 
human  body  may  be  more  easily  comprehended  from  the  follow- 
ing illustration.  > 

Arising  from  the  left  chamber  or  ventricle  of  the  heart  is 
the  great  arterial  tube  called  the  aorta,  which  dividing  and 
subdividing  into  smaller  and  smaller  tubes,  until  the  termina- 
tion of  some  are  lost  in  their  very  minuteness,  they  pervade  the 
furthest  extremity  of  the  liidng  body,  carrying  in  their  canals 
the  life-inspiring  bright-red  blood  which  gives  warmth  and  re- 
places the  waste  going  on  in  the  system.  When  these  services 
have  been  accomplished,  the  extreme  distance  is  attained,  and 
the  vigour  and  ruddiness  of  the  fluid  becomes  a  deadened  purple 
hue ;  then  the  vessels  are  reflected  back,  and  form  so  many 
minute  venous  streams,  which,  joining  into  larger  channels, 
ultimately  reach  the  part  from  whence  we  started,  the  heart, 
there  once  more  to  undergo  purification  and  addition :  thus  the 
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arterial  and  reaoua  BjstemB  become  joined,  but  each  pcrforraa 
8  separate  function ;  the  one  carries  onward  the  fresh  red 
stream,  the  other  returns  thu  exhausted,  purple,  thickened 
liquid  (fig.  B4). 


^^^^  Fig.  64. — Tlie  LungB,  Heart,  and  prinoipa!  tssscIb.  _ 

I  Had  not  the  blood  been  thus  separated  into  little  streams 
and  drawn  off  on  its  passage  into  other  channels,  but  proceeded 
straight  down  to  the  lowest  extremity,  wo  may  imagine  what 
a  Vejgbt  would  have  been  felt  at  those  parts  from  tlic  umoimt 
of  Huid  pressing  outward,  which  increases  about  half  an  ounce 
crery  square  inch.  After  a  meal  the  action  of  the  heart  is 
sccdertited.  and  still  more  so  during  bodily  exertion  or  mental 
exdlcmunt :  it  is  slower  during  sleep.  And  it  appcun  that 
Ihc  frequency  of  the  puLse  is  in  some  degree  regulated  Ijy  the 
eame  causes ;  in  the  moi-ning  it  is  more  frcqnent,  and  becomes 
gmdiwllj-  slower  os  the  day  advances,  decreasing  more  rapidly 
hnrords  the  evening  and  from  fatigue.  The  standing  and  sit- 
ting piisition  affect  it  in  a  similar  manner ;  and  food,  like  that  | 
at  change  of  posture,  more  so  in  the  morning  thai: 
•veiling. 
TJiO  hi;art  lies  towardH  the  left  side ;  the  broad  purl  towaiils 


the  right  and  backwards,  und  the  pointed  part  towordB  the  left, 
forwards  and  downwardii.  The  flat  aurfara  rests  □□  the  mid- 
riff or  diaphragm,  and  therefore,  as  this  part  moves  upwards 
aaddowDwarils  in  theactof  breathing,  it  raises  and  lowers  th« 
heart.  The  pointed  part  is  opposite  the  cartihigo  of  the  fiftii 
and  sixth  left  rib ;  and  in  this  part  there  is  a  portion  of  the 
left  lung  removed,  as  if  to  give  ample  room  for  the  action  of 
the  heart.  It  ia  encased  in  a  hag,  and  surrounded  by  a  Said  to 
give  moisture  and  ease  of  motion.  When  token  from  the  body, 
the  heart  weighs  from  ten  tu  fifteen  ounces,  and  is  larger  in  j 
portion  to  the  body  in  tho  young  than  the  old  subject,  and 
frequently  smaller  in  tall  and  strong;  men,  than  in  those  of 
ordinary  height  and  moderate  raiisciUar  powers.  The  heart 
cousistfl  of  two  parts  closely  connected  together,  each  of  which 
has  two  cavities ;  an  auricle,  or  membranous  bag,  placed  at 
the  mouth  of  the  veins  ;  and  a  ventricle,  or  strong  muscular 
chamber,  placed  at  the  orifice  of  tho  artery.  When  the  purple 
fluid  returns,  it  is  poured  into  the  right  amicle  of  the  heart 
by  three  veins ;  the  nutritious  portions  of  the  food  are  collected 
by  absorbents  into  the  thoracic  duct  and  a  large  vein,  and 
mingled  with  the  blood  as  it  passes  in  an  agitated  state  throu^i^ 
the  heart.  The  auricle,  which  derives  its  name  from  si 
supposed  resemblance  to  a  dog's  ear,  has  a  small  fringed  pro- 
cess, and  its  inside  surface  is  smooth  and  polished,  having  some 
muscular  fibres  arranged  so  as  to  be  compared  to  the  teeth  of 
a  comb.  Next  through  a  large  round  orifice,  the  blood  an 
the  right  anterior  or  pulnion  ary  ventricle,  and  is  prevented  btaog 
driven  back  by  a  valve ;  it  is  divided  into  three  pointed  portaMiB, 
having  numerous  tendinouB  strings,  by  which  it  contracts.  It  ■ 
may  here  be  observed,  that  the  ventricle  is  a  strong  muscnloc 
cavity  with  power  forcibly  to  propel  the  blood  by  contractioiii 
while  the  auricle  is  a  mere  supply-tank  tu  dll  tho  ventricle  U- 
it  becomes  empty.  The  blood  passes  next  to  the  arterial  on 
of  the  ventricle,  where  there  are  three  valves  of  a  half-momi 
shape  to  prevent  any  retrograde  movement ;  and  bein^  now  il 
the  pulmonaiy  artery,  it  is  emptied  into  the  lungs,  where  it  is 
brought  into  contact  with  the  very  fine  and  delicate  bronchial 
oapillary  tubes ;  here  it  mixes  with  the  oxygen  of  the  air, 
which  is  drawn  in  by  the  act  of  breathing,  and  becomes  -viri- 
fied  scarlet  arterial  blood.  Four  pulmonary  veins,  two  <' 
which  belong  to  each  lung,  now  ponr  the  ireahened  blood  into 
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&e  large  left  or  poaterior  Buricle,  situated  at  the  appc<r  or  back 
part  of  the  heart;  here,  agaiti,  is  a  valve,  the  mitral,  likened 
to  a  bishop 'a  mitre ;  the  blood  is  uow  fresh,  red,  and  warm, 
fDody  to  commence  its  tortuona  journey,  and  give  life,  eneigy, 
■Did  food  to  the  entire  body.  The  left  ventricle  is  tliii;k  and 
strong,  like  a  solid  mass  of  flesb,  having  to  drive  the  blood  up 
the  aorta,  also  guarded  by  three  semilunar  or  half-moon 
valves,  and  send  it  to  the  remotest  parts.  The  aorta  is  the 
great  tnbe  from  whicb  all  the  arteries  branch  off  and  receive 
tbeir  precious  eupjily. 

The  lungs  are  spongy  bodies,  the  vessels  and  thin  mem- 
branes of  which  are  chiefly  formed  into  cells  covering  a  sur- 
face equal  to  almut  thirty  times  that  of  an  ordinary  anted 
man.  Into  these  the  air  we  breathe  being  received,  the  oxygen 
is  taken  up  by  the  blood,  and  tie  other  parts  rejected  and 
letomcd.  As  the  chest  expands  the  air  rushes  in,  and  is  again 
expelled  by  its  contraction.  The  luaga  are  divided  into  five 
parts  or  lobee,  three  lying  on  the  right  side  of  the  chest  and 
two  on  the  left :  these  are  enclosed  in  a  bladder-like  substance 
named  the  pleura.  The  air  rushe's  in  among  the  minute  and 
thin  vesseb  containing  the  blood,  and  every  part  is  penetrated 
by  it,  and  every  atom  of  blood  chemically  changed ;  the  black 
impore  blood  instantly  becomes  bright  scarlet. 

The  principal  force  provided  for  constantly  rooring  the  blood 
through  the  vessels,  is  that  of  the  muscular  substance  of  the 
heart,  assisted  by  the  elasticity  of  tlie  walls  of  the  arteries, 
the  pressure  of  the  muscles  upon  the  veins,  and  the  movements 
of  tits  walls  of  the  cbc>st  in  respiration.  If  an  upright  tube 
were  connected  to  an  artery,  tliere  would  usually  be  found  a 
sohmm  of  blood  about  eight  feet  above  the  level  of  the  heart : 
and  calculating  this  in  the  manner  described  under  the  chapter 
Hydrostatics,  the  pressure  must  be  about  four  pounds  per 
nioh.  The  same  experiment  apphed  to  the  veins  would  result 
in  a  column  only  half  a  foot  in  height,  and  hence  the  pressurB 
would  be  about  a  quarter  of  a  pound  per  square  inch. 

Hie  force  with  which  the  left  ventricle  of  the  heart  contracts 
k  mucly  double  that  exerted  by  the  contraction  of  the  right. 
This  difference  in  the  amount  of  force  exerted  by  the  coutrau- 
tfan  at  the  two  venlrides  results  from  the  walls  of  the  left 
nntricle  being  about  twice  as  thicli  aa  those  of  the  right ;  and 
the  differenct'  is  adapted  Ui  the  greater  degree  of  resistance  J 


which  the  left  ventricle  has  to  overcome,  compnred  with  that 
of  the  right ;  the  former  having  to  propel  blood  through  every 
pert  of  the  body,  tie  latter  only  through  the  lungs.  Blood  left 
in  a.  vesBcl  separates  into  two  distinet  parts ;  but  tiis  violent 
aDtion  in  the  heart  keeps  jUl  mised,  and  eends  it  forth  in  a 
condition  t«  become  the  pendulum  of  life. 

The  aorta  proceeds  iVom  the  heart  over  the  chest  in  an 
arched  siphon-like  manner,  and  then  its  scarlet  contents  are 
poured  down,  and  the  weig'ht  of  the  column  of  blood  sends  it 
through  the  capillaries  to  an  equal  height  in  a  coireBponding 
vein,  as  explained  in  Hydrostatics;  fluids  attain  the  Bame 
height  in  all  eommnnicating  vessels.  Not  only  does  this  law 
of  gravity  aid  the  circalation  of  tho  blood,  but  also  the  powers 
exerted  to  the  extent  of  a  column  eight  fe«t  above  tho  heart. 
When  at  the  extremities  tho  blood  passes  through  nanov 
orifices,  and  is  forced  up  the  venous  tubes  by  the  Banie  powor 
which  is  sufficient  to  raise  it  above  the  heart,  as  if  a  force-pun^ 
were  raieing  water  in  this  manner  and  fiUing  a  tube,  haviuB 
power  not  only  to  this  ext.ent,  but  also  to  overcome  friction, 
and  sustain  the  column  which  is  increased  in  weight  in  pra> 
portion  to  the  depth. 

"When  we  draw  in  our  breath  the  chest  is  expanded,  and  &e 
muscular  powers  are  then  put  on  the  stretch,  circuroBtauces  ren- 
dering favourable  the  passage  of  the  blood  from  the  veins  to 
the  heart :  and  on  expelling  the  air  from  the  chest,  tho  muaoks 
contract  and  tho  diaphragin  ri«es,  by  which  the  passage  of  thtt 
blood  is  reaisted,  and  all  return  pre\"cnted  by  the  valves  in  the 
veins :  as  the  force  is  only  equal  to  a  column  of  half  a  foot,  it 
is  easily  overcome. 

An  artery,  or  holder'  of  air — as  the  ancients  denominated  it 
from  finding  it  always  empty  upon  dissection  after  death,  and 
hence  supposed  it  to  be  an  air-tube — is  circular  in  form,  and 
consists  of  three  Htrata  of  diifcrent  substances  called  its  coat& 
The  inner  is  thin,  strong,  inelastic,  and  smooth;  if  injured, 
tho  regular  round  form  is  lost  to  the  tube.  The  middle  coat  iE 
composed  of  a  number  of  muscular  circular  fibres.  Tho  onfaff 
coat  is  a  condensed  cellular  substance  and  very  elastic:  Haa 
there  is  an  elastie  power  with  a  small  muscular  force;  and 
if  pressed,  or  mnch  atretelied,  it  easily  returns  to  its  foma 
condition.  When  a  small  artery  is  cut  across,  it  contracts  Bt 
tho  part,  and  therefore  aide  the  preservation  of  the  lifo-giving 


;  thus  in  bleeding  to  death  the  arteries  contract  in  pro- 
portion to  the  decreased  size  of  the  stream,  Sometimea,  in 
direction,  a  single  fibre  wiH  contmot  as  if  it  were  a  string  tied 
nnmd  the  mouth  of  the  tube,  and  when  tied  by  a  thread  the 
parts  BJound  eontratt,  and  fixmly  secure  the  orifice.  The 
arteries  contain  about  five  pounds  of  blood,  and  their  pulsation 
IB  felt  over  the  whole  body  nearly  at  the  same  instant. 

We  hare  seen  that  the  heart  keeps  up  a  tension  or  pressure 
in  the  arteries  of  about  four  pounds  on  the  square  Inch  of  their 
sur&ce ;  and  with  this  force,  thcwforo,  is  propelling  the  blood 
into  the  capillaries.  If  these  last  were  passive  tubes,  con- 
stantly open,  such  force  would  be  sufficient  to  press  th«  blood 
throagli  them  with  a  certain  uniform  velocity ;  hut  they  are 
Teasels  of  great  and  varying  activity ;  it  is  among  them  that 
lie  nutrition  of  the  difierent  textures  of  the  body  takes  place, 
as  of  muscle,  bone,  membrane,  &c. ;  and  that  all  the  secretions 
from  the  blood  are  performed,  as  tif  bile,  gastric  juice,  or  sa- 
liva, &c. :  and  to  peribnn  suth  varied  and  often  fluctuating 
offices,  they  require  to  be  able  to  control  in  all  ways  the  motion 
of  the  blond  passing  through  thera.  The  capillaries  of  the 
cheek,  under  the  influence  of  shame,  dilate  instantly  and  admit 
more  blood,  producing  what  is  called  a  blush ;  under  the  influ- 
ence of  anger  or  fear,  they  suddenly  emptj'  themselves,  and 
the  countenance  becomes  pallid- — tears  or  saliva  gush  in  a 
moment,  and  in  a  moment  are  again  dried  up ;  if  a  person 
having  inflammation  in  one  hand  bo  bled  from  comspond- 
be  veins  in  both  arms  at  the  same  time,  twice  or  thrice  as 
ll  blood  will  flow  from  the  dise-ased  side  as  from  the  other. 
IT  chongea  occur  in  many  other  instances.  Now  the  only 
H  action  of  vessels  capable  of  causing  these  phenomena 
X  in  contractile  or  muscular  coats ;  and  with  refer- 
to  such  BCtioD,  it  merits  notice  that  arterial  branches  have 
B  more  of  the  fibrous  or  contractile  coat  in  proportion  as 
e  smaUcr. 
KoiaBCUlar  capillary  tube  strong  enough  to  shut  itself  in 
e  of  the  action  of  the  heart,  is  also  stroug  enough  to  propel 
B  blood  to  the  heart  again  thi-oiigh  the  vcios,  even  if  the 
resistance  on  that  nde  were  as  great  as  the  force  on  the  other. 
For  if  wo  suppose  the  first  circular  fibre  of  the  tube  to  close 
itself  completd-y,  it  would,  of  course,  be  exerting  the  same 
repellent  force  on  both  sides,  or  as  regarded  both  the  arteiy 
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and  vein.  If  then  the  seriee  of  ring-fihrea  forming  tliG  tube 
were  to  contract  in  sueeession  towards  the  vein,  as  the  fibres 
of  the  intestinal  canal  contract  in  propelling  ihe  food,  it  is 
evident  that  all  the  blood  in  the  capillary  -would  thereby  he 
pressed  into  the  vein  towarda  the  heart.  If,  after  this,  the 
eapillorj  relaxed  on  the  eide  of  the  artery  so  as  to  admit  more 
blood,  and  again  contracted  towards  the  vein  as  before,  it 
might  produce  a  forward  motion  of  the  blood  in  the  vein,  in- 
dependently of  the  heart.  We,  of  conree,  state  this  merely  aa 
a  poasihihty,  for  the  intimate  nature  of  capillary  action  ia  not 
visible,  and  is  not  positively  ascertained. 

It  is  capiDary  action  which  absorbs  and  moves  the  finida 
of  the  classes  of  animals  which  have  no  heart.  It  must  also 
be  the  power  which  moves  the  blood  in  warm-blooded  monsters 
formed  without  hearts.  There  are  cases  of  apparent  death 
among  human  beings  where  the  heart  remains  inactive  for 
days,  and  yet  a  degree  of  circulation  aufScient  to  preserve  lite 
is  carried  on  by  the  capillaries.  In  ftirther  illostration  of  ca- 
pillary action,  we  have  the  absorption  of  nourishment  &om  tiie 
alimentary  canal  by  the  lacteals ;  and  perhaps,  to  a  certain 
extent,  the  circulation  of  the  blood  in  the  Hver  of  animala.  In 
this  last  case,  the  blood  collected  by  veins  from  the  abdominal 
viscera,  instead  of  going  directly  to  the  heart,  is  again  distii- 
buted  through  the  Uver  by  the  branches  of  the  portal  vein; 
and  is  then  again  collected  by  ordinary  veins,  and  carried  to 
the  heart.  It  thus  movoa  through  two  sets  of  capillaries  in 
passing  from  the  arteries  to  the  heart  again. 

The  action  of  tho  capiUaries  is  the  cause  of  that  singular 
phenomenon  which  prevented  the  ancients  from  discovering 
the  circulation  of  the  blood,  vis.  the  empty  state  of  the  arteriea 
after  death.  All  the  muacolar  parts  of  an  animal,  including, 
therefore,  the  contractile  coats  of  vessels,  retain  their  life,  or 
power  of  contracting,  for  a  conHidorable  time  after  respinitioB 
has  ceased,  as  is  seen  in  tho  recovery  of  persons  apparenli^ 
drowned  or  sufFocated;  in  the  leaping  of  a  heart  taken  from  an 
animal  just  killed ;  in  the  actions  resembling  life  which  oan  tw 
produced,  by  the  agoniy  of  galvanism,  in  a  body  recently  dead; 
and  still  more  aptly  for  our  purpose,  in  the  total  disappearance 
of  a  local  inflammation  afl;er  tho  death  of  a  patient.  Inflan- 
L  involves  a  gorging  or  or  or- distension  of  the  cnpillarieB; 

i  when  the  heart  has  ceased  to  press  blood  into  them,  tha 
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oontractilo  force  remaining  in  them,  eyen  under  diaenso,  and 
in  a  dead  animeJ,  is  sufficient  to  aijueezu  the  hlood  out  of  them, 
and  often  to  remofc  all  trace  of  the  malady  which  has  been 
&tal.  In  ordinary  oases,  the  capillaries  throughout  the  body 
remain  alive  and  active  for  a  conBiderable  time  after  breathing 
has  ceaaed,  and  they  work  iike  innumerable  little  pumpe, 
tanptying  the  arteritis  into  the  veins.  As  the  red  blood  is  theig 
proper  sustenance  as  well  as  stimulus,  they  work  as  long  a 
1ii^e  is  any  of  it  coming  from  the  arteries  hehind  them ; 
capillaries  of  the  lungs,  huweirer,  soon  cease  to  act,  because,  ' 
after  breathing  bos  ceased,  they  are  filled  with  black  hlood, 
and  are  moreover  compressed  by  the  coUapse  of  the  chest,  and 
all  the  blood  accumulates  behind  them.  The  capiUaries  may 
eontinue  to  be  filled  from  the  arteries,  cither  in  consequence 
«f  their  elasticity  opening  them  with  what  is  called  a  suction 
power,  or  of  an  absorbent  power  dependent  on  life,  like  that 
of  the  lacteiils  and  of  the  absorbents  all  over  the  body,  and, 
perhaps,  of  the  vessels  in  the  roots  of  vegetables.  Wlien  death 
ia  produced  by  hghtning,  or  by  the  poisons  whioh  destroy 
mnscular  irritability,  and  therefore  capillary  activity,  the 
artcriee  after  death  are  found  to  contain  hlood  like  the  veins, 
Tn  a  living  body,  if  an.  artery  be  tied,  the  part  beyond  the 
ligature  is  soon  emptied  into  the  veins,  and  becomes  flat.  The 
fl:^)eriiiient  has  been  made  even  upon  the  aorta  itself. 

Tlie  empty  state  of  the  arteriea  after  death  ia  still  ascribed 
by  some  teachers  to  the  momentum  with  which  the  blood  is 
■appoBed  to  be  thrown  out  Irom  the  heart  in  its  last  contrac- 
tion, sufficient,  according  to  them,  to  squirt  it  fairly  through 
the  moat  distant  capillaries ;  a  doctrine  exempliiying  the  care- 
lessncaa  with  which  able  men  sometimes  receive  and  repeat 
o|BnionB,  to  which  their  attention  has  never  been  fully  awa- 
kened. The  effect  supposed  here  -would  not  follow,  even  if  the 
dfisg  action  of  the  heart  were  the  strongest  possible ;  while, 
in  reality,  it  is  in  most  cases  so  feeble,  that  the  pulae  for  some 
time  ceases  to  be  perceptible  at  the  ojttremities,  and  the  dimi- 
iddiod  circulation  lots  them  become  cold.  Other  physiologists 
teaoli  that  an  artery  is  capable  of  contracting  directly  upon  its 
oontenta,  so  as  to  expel  even  the  lost  drop ;  but  large  arteries, 
.1  emptying,  do  not  contract  rowidly  like  an  intestine; 
■'become  ^t,  like  elastic  tubes  of  leather  sucked  empty, 
D  oontractile  action  of  the  vessel  itself  could  bring  its 


Bides  together  in  such  a  manner.  If  artoriee  emptied  them- 
selves hy  their  own  action,  the  pulmonary  artery  should  be 
more  certainly  empty  thau  the  aorta,  because  it  is  shorter; 
yet  it  is  always  full,  the  chief  reBson  being,  as  already  stated, 
that  the  pulmonary  eapillaries  eease  to  act  after  respiratiou  has 
ceased,  because  the  blood  in  them  is  the  venous  or  dark  blood, 
and  therefore  not  Btimnlant. 

Besides  the  downward  flow  of  the  blood,  there  is  also  the 
important  upward  one  to  the  head.  The  head,  being  a  close 
bony  cavity,  is  not  susceptible  of  atmospheric  pressure,  but  the 
veins  and  arteries  that  spread  over  it  are  kept  full  from  that 
cause,  of  whieh  we  have  spoken  in  a  previous  page;  andthou^ 
the  quantity  may  vary  in  other  parts  of  the  body,  it  does  not 
do  so  in  the  head,  where  the  vessels  are  in  a  similar  position 
to  that  of  a  siphon  in  aotioo.  When  the  flow  of  blood  to  the 
brain  is  interrupted  by  the  cessation  of  the  action  of  the  heart 
in  fainting,  or  the  supply  of  fresh  air  to  the  lungs  cut  off,  so 
that  the  blood  rises  te  the  head  impure,  as  in  suffocation,  in- 
sensibility takes  place,  and  if  not  speedily  relieved,  convulsion 
and  death.  The  arteries  of  the  brain,  not  having  to  sustain  the 
same  outward  pressure  as  in  other  parts  of  tho  body,  are  con- 
siderably weaker,  while  the  veins  are  placed  in  grooves  of  the 
bone,  and  have  a  strong  covering,  so  that  they  eannot  eollapso 
by  any  sudden  tension  of  the  arteries,  as  the  veins  would  do 
in  other  parts  of  the  body,  and  tlius  are  singularly  adapted  for 
the  preeervation  of  thought  and  life. 

There  are  other  parts  subservient  to  the  functiona  of  the 
body,  which  are  equally  surprising  in  their  adaptation  to  the 
purposes  for  which  they  were  designed,  but  they  do  not  eome 
within  the  province  of  this  work. 

Man  has  been  compared  to  a  machine,  but  we  consider  in- 
aptly so ;  for  no  machine  is  at  all  comparable  to  that  frame 
sent  forth  in  creation,  when  God  said,  "  Let  us  make  man  in 
our  image,  after  onr  likeness,"  and  He  "  created  man." 

Examine  the  head,  the  brsin,  where  the  union  of  spirit  and 
body  resides,  and  the  mind  emanates  to  guide  the  aetiona. 
Consider  the  organs  of  sense,  the  eye  to  see,  the  ear  to  hear^ 
the  nose  to  smell,  the  mouth  to  taste,  and  the  skin  to  toaohf. 
while  thus  holding  communion  with  the  objects  around.  For 
"  ',  by  communicating  sensation  to  the  brain,  and  the  will 
b  muscles,  do  we  see  the  beautiful  arrangement  of  the 
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neirea,  Tliea  there  is  the  mectaimni  of  tlte  musules  aud 
lendons,  giving  the  power  of  locomotion  to  flee  from  ditnger 
or  supply  wanta.  There  is  firmness,  shape,  protection,  and 
stroi^h  to  all  the  soft  parts,  tram  the  bony  skeleton  through- 
out the  entire  body,  having  ligaments  to  hind  them  together 
and  allow  of  motion,  to  the  smooth  shppery  surfaces  to  prcTent 
wear  and  aiford  easy  tnovements.  The  hoUows  are  filled  up 
with  fleshy  or  fatty  matter,  and  the  whole  is  made  compact 
and  defended  from  injury  by  the  covering  o£  the  sldn.  *riiat 
thoi^hts  and  feelings  may  be  communicated,  and  the  grand 
gift  of  social  intercourse  enjoyed,  there  are  the  organs  for 
tjie  fiiculty  of  speech.  That  this  body  may  enduro  by  being 
refreshed,  renewed,  and  repaired,  there  is  blood  impelled  hy 
the  heart  and  the  arterial  system,  while  the  veins  bring  back 
that  which  is  not  required,  and  with  it  the  collected  reiiiso 
matter :  this  is  separated  by  glands  and  other  organs  straining 
it,  and  the  useless  superfluous  parts  pass  away  by  excretory 
Cleans.  Man  breathes,  and  thus  his  blood  is  purified,  which 
supports  the  warmth  of  his  body,  and  beyond  its  necessity  for 
the  continuance  of  life  we  know  little.  The  teeth  reduce  the 
bulk  of  the  food  procured  by  the  hands ;  and  the  stomach  che- 
mically changes  it :  fay  such  means  fresh  blood  is  created.  The 
stomach  announces  its  wants,  and  tells  when  sufficiently  sup- 
plied. Thus,  then,  these  are  properties  that  leave  far  behind 
any  machine  ever  contrived  byman  of  internal  powers  of  self- 
preservation,  that  palpably  proclaim  in  their  formation  theJ 
wisdom  and  wondcw  of  a  divine  Creator.  r 

To  finish  with  a  suramarj-  of  the  most  striking  characteris--' 
tii»  of  the  human  body,  and  which  may  awaken  in  some  a 
spirit  of  intiuiry,  and  in  all  a  deep  reverence  tbr  the  divine 
power  that  could  so  wisely  and  with  such  love  give  to  us  such 
perfection  of  organization,  we  state  a  few  facts  about  the 
human  frame.  The  prop-work,  or  skeleton,  consists  of  261 
bonee,  weighing  about  14  lbs.,  and  is  one  inch  less  in  height 
b  the  dead  than  in  the  living  man ;  these  bones  are  moved  by 
436  muscles.  The  mean  weight  of  an  Englishman  is  151  lbs., 
his  height  6  feet  9  inches ;  the  seat  of  mind,  the  brain 
txaobda  in  weight  twice  that  of  any  other  animal ;  he  tear 
and  grinds  the  food  that  nourishes  his  body  with  .^2  teet' 
oovered  by  a  substance  nearly  as  hard  as  iron ;  he  breathes  1 
times  a  minute,  and  inhales  in  that  time  IS  pints  ■ 


more  than  67  hogsheads  in  a  day ;  every  twenty-fonr  hours 
be  consumes  10  j  cubic  feet  of  osj-geu ;  and  gives  forth,  to  feed 
vegetation,  annually  124  lbs.  of  carbon  ;  in  infancy  his  htood 
pulsates  120  times  por  minnte,  in  manhood  HO,  in  ago  60 
times,  and  the  freight  of  rod  flnid  drcolating  in  his  veins  ia 
about  26  lbs. ;  his  heart  beats  75  tamos  per  minnte,  and  drivea 
at  each  beat  10  lbs.  of  blood  on  its  journey  throughout  the 
body;  thus  in  twenty-four  hours  12,000  lbs,,  or  more  than 
24  hc^heads,  pass  through  the  heart,  and  1000  ounces  of  this 
very  hour  visit  the  kidneys.  In  our  breathing  apparatus, 
the  lungs,  are  174,000,000  holes,  or  cells,  that  would  cover  a 
surface  30  timesgreatcr  than  the  body  ,■  7,000,000  pores  cany 
off  the  used  portion  of  the  human  body,  each  of  which  is  about 
a  quarter  of  an  inch  in  length ;  and  thus  Ihere  is  a  drainage 
of  nearly  28  miles  by  means  of  small  tubes,  and  33  ounces  of 
insensible  perspiration  escape  in  24  hours — a  fact  sufficient  to 
impress  the  mind  with  the  importance  of  ablutions ;  the  weight 
of  atmosphere  which  presses  i;^n  every  ordinary-sized  person 
is  about  13 


>ht,  pressure,  and  equal  balance  of  fluids  in  a  state  of 

■  Matter  haa  three  peculiar  forms  ;  solid,  as  the  earth ;  liquid, 
as  the  oceaQ ;  and  aerilonn,  as  the  atmosphere  we  breathe. 

Fluids  are  said  to  be  elastic  and  non-elastiu ;  by  which  it  is 

meant,  that  some  cannot  be  compressed  into  a  smaller  bulk,  as 

VBter,  oil,  mercury,  and  alcohol ;  while  others  are  compressible 

I       isto  a  smaller  space,  as  air,  st«am,  and  gas.   This  is  not  strictly 

I       ooiTect,  for  those  which  were  at  one  time  thought  to  be  incom- 

I       pNssible  are  now  discovered  to  be  slightly  so. 

Neatber  the  form  nor  size  of  the  atoms  comprising  water  are 
known,  but  they  must  be  very  minute,  as  they  penetrate  the 
mibstance  of  most  bodi««,  pass  up  the  small  tubes  of  fibrous 
materials,  and  float  in  the  atmosphere  as  mist  and  clouds. 
They  are  generally  supposed  to  be  globular,  i 

It  does  not  then  appear  tbat  fluidity  arises  from  the  shapa    i 
of  the  partides  of  water,  but  from  t/n  imperfei^  athesion  of  the 
alomg.     Some  fiuids  have  more  tenacity  than  others,  as  tar, 
honey,  oU,  which  are  viscous  and  inaperfect  fluids  in  comparison 
with  water,  mercury,  and  distilled  spirits. 

Solids  have  a  centre  of  gravity,  and,  bound  by  attraction  in 
a  Ijody.  fall  with  great  force.  If  the  air  were  withdrawn,  a  mass 
of  water  would  fall  with  the  like  effect ;  but  flnids  have  less  at- 
traction among  their  atoms,  and  it  is  their  easy  separation  which 
causea  tJiem,  when  in  small  quantiticB,  by  the  resiatanee  of  the 
atmoephere  in  falling  from  a  height,  to  form  into  small  drops 
or  g^bes,  with  all  the  hghtness  with  which  a  solid  piece  of 
timber  reduced  to  sawdust  would  fall  if  poured  from  an  elevated 

KLfvel  Surface  of  Fluids. 
ry  atom  of  fluid  being  attracted  to  the  centre  of  the 
nnd  having  an  independent  gravity,  its  surface  becomes 
I      t  pcrtert  level  to  the  faco  of  the  earth. 

But  as  the  earth  is  not  a  true  level  from  being  a  sphere, 
neither  is  water;  as  may  be  seen  when  watching  a  vessel  sail- 
ing from  a  shore;  the  hull  disappears  firet,  Ibon  the  lower 
parts  of  the  mast,  andgradually  the  entire  is  lost  to  view;  when 
first  seen  approaching  the  land,  tlie  pennant  comes  into  view, 
then  the  cross-trees,  the  deck,  and  the  hull.  Nevertheless, 
what  is  understood  by  a  dead  level,  means  that  every  particle 
is  at  an  equal  distance  from  the  earth's  centre. 
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Were  a  tme,  or  apparent  level,  as  it  is  termed,  ta^cn  on  the 
earth's  siirface,  it  w^iuld  be  found  that  at  every  mile  it  was 
7  inches  and  iJ-lOths  higher  than  a  natural  or  dead  level; 
this  demonstrates  that  the  bend  of  the  earth  is  nearly  eight 
inches  a  milti. 

When  riulway  engineers  prmwed  to  set  ont  their  lines,  they 
have  attached  U>  their  instruments  a  smaU  glass  tube,  called  a 
level,  Med  with  spirit,  except  one  bubble  of  air,  and  when  the 
air  is  an  equal  distanee  from  both  ends,  their  theodolite  ia 
level:  then  they  look  through  a  telescope,  or  sight-hole,  at  a 
pole  having  figures  or  lines  upon  it,  which  has  heen  placed  at 
a  measured  distance — say  of  a  mile ;  the  figure  which  tha 
sight-hole  cuts  across  is  then  noted,  and  for  the  eonvejcity  of 
the  earth  7  inches  and  9-10th8  aro  allowed  off,  which  gives 
the  dead  level.  In  forming  a  canal,  were  the  same  rule  not 
observed,  and  a  true  level  used  instead  of  a  dead  one,  the  water 
would  aU  rest  at  one  end,  for  in  three  mile-s  it  would  have  to 
ascend  from  the  surface  of  the  earth  nearly  two  feet.  A  £ill 
of  three  inches  per  mile  gives  a  motion  to  a  stream  or  river  of 
about  three  miles  per  hour. 

i  B  (fig.  66)  is  a  apirit-level,  c  the  email  space  filled  irith 
air :  to  this  instrument,  for  surveying  purposes,  two  "  sights," 
or  eyepieces,  are  usually  attached.  When  the  bubble  stands 
in  the  middle  of  the  tube,  any  object 
covered  by  the  cross-wires  in  the 
sights  is  on  the  same  level  as  the  in- 
strument. There  ia  often  a  limb, 
A.  F,  attached,  having  sights  also, 
and  moving  roimd  a  on  a  ijuarter 
of  a  circle  {a  quadrant)  divided  into 
ninety  eqasl  ports.  If  it  is  desired 
to  know  how  many  degrees  any  ob- 
ject is  below  the  level  of  a  b,  a  f  is  ^•g-  66. 
tomod  until  the  crosa-wirea  in  the  sights  of  this  limb 
and  the  number  of  degrees  between  the  edge  of  the 
and  the  level  e  observed.  If  the  object  is  above  the  levi 
instrument  is  turned  up ;  th  at  is,  the  arm  a  d  is  brought  up  to 
it,  and  the  observation  made  in  the  same  manner. 

Water  seeking  its  level  is  the  cause  of  many  of  the  changes 
that  occur  on  the  surface  of  the  earth ;  as  seen  where  numing 
Btreoms  carry  forward  a  deposit  to  the  ocean,  ultimately  foiTn- 
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ing  new  and  extensive  lands  for  tlie  babitation  of  man.  Wat^ 
seeking  its  level  grinds  down  rocka,  wosbos  away  monntainB, 
leaves  bare  or  liUs  up  lakes,  and  tends  to  moke  tbe  surface  of 
the  eartii  a  smooth  plain,  luxuriant  and  not  perniciously  bumid 
for  the  fflinily  of  man. 

If  we  now  connect  together  a  aericB  of  vessels,  no  mntter 
what  may  bo  their  shapes,  or  how  extensive  tho  Bystem,  so 
that  water  may  rise  frytn  the  main  channel,  A  b  (fig.  67), 
into  them,  we  shall  find, 
Qpon  pouring  water  into 
one,  that  it  wiH  rise  to 
the  Bamo  level  in  all  the 
resaelfi.  In  open  chan- 
nels liquids  cannot  be 
made  to  stand  at  a 
higher  level  at  one  end 

than  at  another— they  ^'B  "^^ 

always  adjust  themselves  to  a  bonzontal  level ;  this  is  obser-  J 
nble  in  canals.     In  the  great  aqueducts  of  the  ancients,  the  ■ 
water,  of  necessity,  was  always  ilowing  downwards,  and  thua  ^ 
they  were  inferior  in  utility,  for  watering  cities,  to  the  system 
of  closed  pipes  which  we  now  adopt. 

The  reservoir  for  a  modem  town  is  placed  upon  a  disttuit 
hiU,  or  water  is  raised  by  engine-power  to  a  high  level  in 
"  stand  pipes ; "  an  elevation  is  tlius  obtained  superior  to  that 


Fig.  88. 
of  any  of  the  houses  which  are  to  be  sup- 
jJied  with  water ; — from  this  reservoir  a 
(fig.  68)  the  water  flows  through  a  series 
of  pipes,  perhaps  for  many  miles,  yet  at 
lite  remotest  extremity,  B,  the  hquid  will 
'  ^  to  the  level  of  the  reservoir,  a  b.  By       _ 

9  arrangements,  the  water  might,  without  the  aid  of 


engines,  be  thrown  over  the  hiffhest  bidldinga,  in  case  of  fire, 
in  almoBt  unlimited  qnantitieB,  since  the  pressure  of  the  oo- 
i  (fig.  69),  the  lioig-ht  of  the  reservoir,  ■would  force  the 
1  opening  at  i    ' 


learly  the  same  height  aa 


water  from 
that  coh 

Upon  this  principle  ornamental  fountains 
and  a  pretty  iUurtration  may  be  formed  ii 
manner : — Bend  a  glass  tube,  a  b 
(a  siphon),  as  shown  in  fig.  70, 
and  immerse  one  end  in  a  vesBcl 
of  water,  c ;  exhaust  the  air  from 
the  tube  by  applying  the  month 
to  the  orifice  at  a,  and  a  jet  will 
thus  be  produced  proportional  to 
the  height  of  the  column.  The 
great  fountain  at  Chatsworth, 
which  throws  a  column  of  water 
three  inches  in  diameter  2S6  feet 
high,  is  supplied  ftom  a  resen'oir  ~Fig.  70. 

on  a  neighbouring  hill,  at  an  elevation  of  nearly  400  feet, 
the  supply-pipes  are  fifteen  inches  in  diameter.  A  jet  100  feet 
high  is  found,  esperimeniaDy,  to  require  the  pressure  of  a 
column  of  water  133  feet  high. 

An  artesian  well  is  formed  on  this  principle.  A  peculiar 
stratum,  let  us  suppose  it  to  be  chalk,  sand,  or  any  porona 
matter,  rests  upon  a  bed  of  clay,  or  upon  rocks  which  will  not 
adnot  of  the  escape  of  the  water  accumulated  from  the  depoat 
of  atmospheric  moisture,  in  the  form  of  run  or  dew,  along  die 
hills,     TioB  stratum  of  chalk  or  sand  is  also  covered  with  a 


Kg.  71. 
tenadons  mass  of  clay — aa  the  London  cloy,  or  some  equally 
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imperTioiis  body.  Under  these  conditions  it  will  he  evidenH 
that  the  stratum  a  a  (fig.  71)  becomes  a  reservoir  of  a  greater  ' 
or  less  extent,  and  if,  by  boring  through  the  superincumbent 
maas,  we  form  an  opening  into  this  stratum,  as  at  6,  the  water 
will  rise  m  it,  and  flow  over  in  a  jet  proportional  to  the  height 
of  tha  water  in  the  stratum  from  which  it  flows. 

TTie  Pressure  of  Fluids  is  equal  in  all  directions. 

Solids,  from  attraction,  are  pressed  downwards  toward  the^ 
centre  of  the  earth,  and  water  obeys  the  same  universal  law. 

But  there  exists  tliis  difference  and  peculiarity  in  fluids  aa 
ootopared  to  eoUds,  that  a  body  of  water  or  other  fluid,  being 
aoted  npon  by  a  force  in  any  one  direction,  presses  upwards, 
sideways,  and  in  every  direction,  with  the  same  force.  J 

If  a  bladder  be  filled  with  air  or  water,  and  tied  at  the  neck,  1 
tiien  pressed  upon,  not  only  wiD  the  parts  underneath  the^ 
weight  be  compressed,  but  every  other  part  of  the  bladder  ' 
equally,  all  offering  a  reaction  or  resistance  to  the  weight. 
This  may  be  proved  by  making  a  small  puncture  at  the  furthest 
point  from  the  pressure,  when  the  air  or  water  will  issue  out 
with  force. 

The  upward  pressure  of  water  may  be  seen  on  plunging  the 
hand  into  a  jar  of  water,  when  the  water  will  press  it  upwards ; 
or  in  attempting  to  put  a  cork  into  a  bottle  which  is  filled  to 
the  brim  with  Hquid. 

That  it  presses  equally  laay  bo  proved  by  a  simple  experi-J 
ment.  Let  *  (fig.  72)  be  a  close  vossel  filled  with  water,  haviogl 
two  tubes,  B  and  c. 
Say  that  s  wiU  admit 
a  cork  measuring  one 
ioch  in  area,  into 
which  a  stick  is  fixed 
as  a  piston,  and  c 
admits  a  bung  mea- 
suring ten  inuhes  in 
area.  By  jireasiug 
upon  the  piston  iit  u 
with  the  weight  of  : 
jound,  the  bung  1^ 


B  force  of  ten  ponnds ;  for  iivery  square  inch  ii 
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is  acted  upon  with  a  force  of  oae  pound.  Thus,  a  Bmall  quan- 
tity of  water  confined  in  a  spnt^e  having  a  shght  pressure  on 
its  snrfiice  may  act  as  a  mechanical  power  with  a  foreo  equal 
to  hundrede  of  poundH.  Tf  the  tube  b  hold  a  pound  of  wafer, 
and  it  bo  poured  in,  the  cork  having  been  withdrawn,  thesamo 
reanlts  will  take  place  ns  when  a  pound  of  pressure  is  applied 
to  the  cork.  But  for  the  bung  to  rise  one  incJi,  the  cork  must 
descend  ten  inehos. 

Again,  suppose  only  one  tube,  raeosuring  ten  inches,  a  1001b. 
weight  applied,  and  a  hole  made  ia  the  side  or  bottom  of  the 
vessel  of  the  same  size  aa  the  tnbe,  the  water  would  rush  out 
if  not  kept  in  by  a  force  equal  to  100  lb.  This  shows  that  the 
prcsiBure  at  the  bottom  or  sides  is  equal  to  that  at  the  surface ; 
in  short,  the  same  in  all  directions. 

Pressure  made  on  a  small  surface  is  multiplied  when  trans- 


» 


The  best  iUustration  of  tlia  i 
is  a  cyhnder,  in  which. 
moving  irecly,  butwater- 
tight,  is  a  disc,  p  g,  at- 
tai:ihed  by  a  rod  to  one 
end  of  a  beam ;  a  hiho  h 
is  closely  fitted  into  the 
cylinder.      A   measured 
quantity,  say  a  pint,  of 
water  is  now  poured  into 
ttie   cylinder,  which   is  L 
then  balanced  by  weights    j3  , 
in  the  scale  t.     If  now    f\  ' 
the  rod  is  raised,  to  force 


thus  given 


(%.T3) 
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water  into  the  narrow  tube,  the  water  fl-ill  appear  to 
weigh  more  than  it  did;  additional  weights  must  be  added  t« 
restore  the  etjuilibrium ;  and  if  twelve  inehe-s  of  water  are 
forced  thus  into  a  small  tube,  three  pounds  wiU  he  added  to 
the  apparent  weight  of  the  same  volume  of  water. 

Perpendicular  Preemire. 

In  solids,  the  lower  atoms  of  matter  support  those  placed 

upon  them,  as  the  foundation  of  a  honso  bears  the  whole  of  the 

lofty  pile  above.    The  same  rule  extends  to  fluids,  every  layer 

of  atoms  having  to  bear  the  weight  of  th.oee  resting  upon  them. 
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The  weight  of  solids  is  estimated  according  to  their  si 
quantity,  but  the  pressure  of  fluids  ih  as  to  their  peTpendicular^ 
hei^t;  henco,  to  estimate  the  pressure,  the  area  of  the  base 
is  multiphcd  by  the  perpendicnlaT  Loight  and  the  denisity  of 
the  particular  fluid.  Thus,  then,  if  water  be  in  a  vesBel  that 
slopes  from  the  bottom  to  tbe  rim,  the  pressure  will  gradually 
decrease  as  it  approaches  the  top,  for  every  upward  line  rf 
atoms  acts  as  a  sepBinte  column  sustaining  its  own  weight. 

If  a  tiibe,  one  inch  square  in  the  in- 
ude,  and  two  feet  long,  having  a  flap  at  | 
the  bottom,  attached  at  one  side  by  i 
hinge,  and  at  the  opposite  having  a  cord 
pasdng  oTcr  a  pulley,  with  a  weight  hung 
from  it,  he  filled  with  water,  it  will  be 
fcnmd  that  this  column,  two  feet  high  and 
one  inch  6quare,acts  with  a  force  of  nearly 
cmo  pound ;  so  that  we  may  generally  say 
at  any  depth,  every  two  feet  of  water 
presses  on  the  side  or  bottom  of  a  vessel 
with  a  weight  of  one  pound  on  every 
square  inch  (fig.  74), 

The  effect  of  the  increase  of  prcBBiire  ai 
to  depth  is  exemplified  in  the  wrecks  of 
reeeela  near  the  coast  where  the  water  is 
shallow ;  there  they  float  to  the  eiirfate, 
and  are  cast  on  the  shore ;   whereas  in 
auoh  a  L'ase  as  that  of  the  unfortunate  '  President,'  which  wenti 
down  in  deep  water,  the  pressure  was  probably  so  great  that  I 
the  wafer  filled  the  pores  of  the  wood,  and  became  so  heavy 
that  not  an  atom  of  the  wi'eck  floated  to  the  surface  to  point 
mtt  the  nyat,  or  servo  as  a  memento  of  its  fate. 

If  we  watch  a  bubble  of  air  or  steam  rise  trom  the  bottom, 
wc  shall  perceive  it  start  on  its  upward  journey  as  a  little  sil- 
irery  bubble ;  but  as  the  pressure  becomes  less,  the  sine  in- 
dsases,  until  it  bnrsta  or  rests  at  the  surface. 

At  (1  depth  of  ten  falhoms,  a  sti'ong,  square,  empty  glass 
TBBsel  is  crusihed  to  pieces. 

A  living  man  can  only  descend  to  a  certain  depth,  as  the 
pressure  of  deep  water  upon  the  elastic  air  contained  in  y 
»he»t  is  6iich  aa  would  speedily  cause  death. 

As  fish  ore  only  found  near  to  coasts  and  in  ahallows  a 


Fig.  74. 
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ocean,  it  ia  supposed  titat  n  light  atmospliere  of  water  ia  more 
suitable  to  them  than  the  density  of  the  deep  valleys  of  their 
natural  element. 

Lateral  Fressurt. 

Mnids  act  in  all  directions,  pressing  downwards,  upwards, 
and  sideways.  Tho  force  that  wat«r  exerts  on  a.  square  inch  of 
surface  one  foot  deep  is  seen,  to  be  jib.,  on  two  feet  lib.,  on 
three  feet  l^lb.,  on  four  feet  21b.,  on  five  feet  2|  lb.,  on  six 
feet  3  lb.,  and  so  on. 

£ut  in  lateral  pressure  there  ia  this  to  be  taken  into  account, 
that  as  it  presses  against  the  upright  sides  less  at  the  top  than 
at  the  bottom,  to  find  the  amount  of  pressure  we  must  balance 
the  accoimt,  and  the  true  force  against  the  whole  side  will  be 
found  to  be  that  which  acts  on  the  middle  part,  half-waj  &om 
the  top  and  bottom,  when  the  sides  are  perpendicular. 

Now,  if  we  take  on  open  square  vessel  full  of  water,  SBy 
twelve  feet  deep,  the  pressure  on  the  bottom  will  be  6lba.  per 
square  inch,  equal  to  864  lbs.  on  a 
square  foot,  and  the  pressure  on  the 
side  half-way  down,  that  is  six  feet 
&om  the  top  and  bottom,  exactly 
one-half,  or  3  lbs.  on  a,  square  inch : 
because  the  sis  feet  ia  just  one-half 
the  depth  of  the  water  at  tho  bot- 
tom, and  what  is  wanting  above  the 
six.  feet  in  pressure  is  made  up  by 
liie  greater  stresa  below,  hence  an  ^    . 

whole  side  results.  The  Lateral  pressure  then  m  432  lbs.  on 
each  square  foot  of  the  aide  (fig.  75). 

If  it  be  wished  (witbout  reference  to  preasure  on  the 
bottom)  to  know  the  pressure  on  the  sides  of  a  vessel  inten^d 
for  holding  water,  the  manner  of  doing  so  is  first  to  find  tha 
area  of  tha  sides  ;  suppose  it  to  be  12  feet  deep  and  20  feet 
circumference,  multiply  12  by  20=240,  then  multiply  thia 
product  by  half  the  depth.  240  x  6  =  1440  ;  this  gives  the 
number  of  cubic  feet  of  water,  the  weight  of  whiili  presaea 
against  the  sides ;  then,  as  before  stated,  a  foot  of  water 
weighing  1000  ounces,  the  amount  of  pressure  is  1440  x  1 000 
=1,440.000  ounces,  or  6000  ounces  on  a  foot. 

ITie  extent  of  the  breadth  or  lengUi  of  the  water  makes  no 


preflsure,  wiiether  it  be  a  foot  or  miles ; 
the  extent  of  tlie  aide  acted  upon,  and  the  depth  oi 


%  is  this  law  of  nature  that  enables  man  to  erect  gates  and 
s  by  which  he  can  ehnt  out  the  ocean,  as  is  done  in  many 
"me  ports,  and  in  Holland ;  to  keep  out  the  whole  body 
t  liver  by  a  coffor-dam,  while  he  sinka  a  foundation  and 
IB  tlie  battress  of  a  bridge ;  and  to  carry  canals  over  moun- 
i  by  meaaa  of  gates:  for  an  erection  reqiiires  no  more 
h  from  having  a  eea  pressing  against  it,  than  if  it  were 
Jl  aoiall  quantity  of  water  of  the  same  depth  ;  of  course  in  eay- 
ing  this  we  do  not  take  into  account  the  forco  of  the  sea  when 
S^tated  and  driven  with  impetuosity  against  the  erections  in- 
tended to  resist  its  encroachments. 

It. was  the  knowledge  of  the  lawa  of  pressure  of  fluids  that 
caused  the  idea  to  be  entertained  of  forming  a  ship-canal  acrOMS 
lite  isthmus  which  joins  North  sJid  South  America,  and  of 
Memming  out  at  one  side  the  North  Pacific,  and  on  the  other  g 
the  Sorlh  Atlantic  Ocean,  with  as  much  ease  as  1 
dock-gates  at  Sunderland  or  Southampton. 

As  the  proasure  of  fluids  depends  on  the  depth,  it  shows  the? 
ascessity  of  having  embankments  broader  at  the  bottom  than 
the  top,  the  hoops  of  vata  closer  and  stronger  near  the  base, 
snd  canals  no  deeper  than  necessary  to  float  the  vessels  that 
hare  lo  be  tbe  means  of  the  transit  of  goods  or  passengers. 

In  the  adjoining  figure  a  b  (fig.  76j  is  supposed  to  represent  1 
a  tall  vessel  full  of  water  and  kept 
BO  I  from  thu  centre  is  drawn  a 
seinicircle ;    three    perpendicular 
Hncs,  d 'J,  el,  a  5,  ore  also  drawn,  / 

tbe  lower  and  uppermost  being  at  /^ 

equal  distanp-ea  Irom  the  centre  /■''/ 
one.  When  the  plug  is  taken  out  /  l-f'^- 
of  the  centre  spout,  the  water  flies  /-"^"^^'"^ 
as  6ir  as  M,  and  the  distance  n  m 

IB  double  d  3 ;  but  from  the  spouts  c  and  a  the  water  o 
teaohoo  to  k,  and  n  kib  double  cl  ot  a  5. 

ThoB  then  the  rule  is  learned,  that  the  horizontal  distil 
to  whieh  a  fluid  will  spout  &om  a  horizontal  pipe  ii 
of  tho  fflde  of  an  upright  vessel  below  the  surface  of  the  a 
i>  equal  to  twice  the  length  of  a  perpendicular  to  the  si ' 


I 

» 
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the  Teesel,  drawn  from  the  montli  of  the  pipe  to  a  seioicirde 
deBcribed  on  the  altitude  of  the  vessel. 

Prettart  of  Water  an  Ihe  Bate  of  its  nntaming  Veaiel  u 
projiortion  to  ill  Height  and  Ba$r. 
If  a  vessel  in  the  form  of  the  diagram  be  filled  with  water, 
the  bottom  does  not  sostain  pressnre  equal  to  the  weight  of  all 
the  water  it  contains,  hut  only  aa  if  there  were  a  rolui 
water,  the  same  size 
as  the  bottom  of  the  [^ 
Teasel,  which  rose 
to  the  top.  How, 
the  vcesej  were  tamed 

up,  and  had  a  bottom  

as  broad  as  the  top,  Fig.  TT 

and  a  top  as  narrow  as  its  base,  then  the  pressure  on  the  broad 
bottom  wonld  be  as  great  as  if  the  rcssel  were  as  wide  at  the 
top  aa  at  the  bottom.  In  this  case,  the  upright  eolcnm  whioh 
we  pointed  out  in  the  other  form  of  the  vessel  presses  sidewa^ 
as  well  as  downwards,  and  thus  on  equality  of  pressure  on  tiia 
base  takes  place  (fig.  77). 

A  mmU  quantity  of  FJuid  may  balance  a  large  quantity. 

From  the  above  foot,  that 
the  small  quantity  of  a 
pound  of  water  is  capable 
of  producing  a  pressure  of 
thousands  of  pounds,  arises 
what  is  commonly  colled 
the  hydrastatio  parados; 
another  form  of  which  is 
the  hydroatatie  bdlou/i. 

Suppose  two  boards,  each 
measuring  IS  inches  one 
way  and  16  inches  the 
other,  to  he  joined  together 
by  leather  or  gutta  percha, 
perfectly  water-tight,  in  Iho 
same  manner  as  a  pair  of 
common  bellows ;  then  a 
pipe  3  feet  long  be  added, 
communicating    with    tho 
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ich  pipe,  when  fill!,  wtII  hold  about  a  quarter  of  jL 
iter.  (Jn  the  Idj)  of  the  upper  board  plH:;e  a  SOOllha 
^t,  and  pour  water  into  the  emiJl  pipe,  it  will  nin  in  be- 
tween the  boards  and  raise  the  weight ;  by  continuing  to  pour 
in  "water,  the  boards  will  be  raised  to  the  extent  that  the  lea- 
ther or  gutta  percha  ■will  permit  them  to  separate,  and  the 
little  stream  of  water  that  remains  in  the  pipe,  weighing  a 
quarter  of  a  poiind.  will  about  balance  the  300  lb.  weight,  the 
water  not  being  forced  by  the  great  pi'esauro  out  of  the  pipe. 
A  person  may  stand  on  the  bellows  and  blow  into  the  pipe, 
when  he  will  raise  himself  up,  and,  by  platiJig  his  finger  on 
the  top  of  the  bole,  snstain  himself  thus  elevated  with  perfect 
etise  (fig,  78), 

Esperiments  have  been  tried  on  strong  casks,  having  a  tin 
tube  twenty  feet  long  fised  to  them,  water  being  poured  in 
ontil  they  were  filled,  and  it  roae  to  within  a  foot  of  the  top  of 
the  tube,  when  the  caeka  barat  with  immense  force,  By  in- 
creasing the  length  of  a  tube,  and  filling  it  with  water,  a 
pressnrc  may  be  created  Ui  almost  any  extent.  We  may  sim- 
plify the  theory  of  such  results  by  pursuing  the  subject  a  little 
fiirther.  If  a  pipe,  exactly  tho  same  size  as  that  used  to  pour 
in  the  water,  were  inserted  in  another  part  of  the  bellows  or 
cask,  the  water  would  rise  in  it  to  exactly  the  some  height 
it  stands  in  the  supplying  pipe :  if  a  dozen  or  more  tubes  were 
inserted,  the  same  thing  would  occur  in  every  one  of  them. 
If  a  hole  were  made  the  same  si^e  aa  the  bore  of  the  ^ 
holding  the  ([uarter  of  a  pound  of  water,  and  the  finger  woi 
placwl  upon  it,  a  pressure  equal  to  that  of  a  column  of  water] 
the  game  height  as  thiit  in  tlie  tube  would  be  felt ;  and  if  fifty 
or  more  holes  were  made,  every  one  would  oficr  this  amount 
of  nsistuncc.  Thus,  on  every  portion  of  the  inner  surface  of 
the  coeic  or  bellows  of  the  si/.e  of  the  bore  of  tho  supplying 
pipe,  thero  exists  a  pressure  equal  to  the  weight  of  the  water 
it  contains ;  and  by  multiplying  the  number  of  times  that  the 
tdie  of  the  bore  covers  the  surface  by  tho  weight  of  tho  water 
ilk  the  tube,  the  amount  of  pressure  is  ascertained. 

In  the  bellows,  which  we  cited  as  an  example,  ono  quarter 
of  a  ptiund  of  water  in  the  pipe  sustained  3001b.,  or  1^00 
BpUkrtun  of  a  pound ;  the  area  of  the  top  of  the  bellows  must 
durefore  be  1200  times  that  of  the  pipe  conveying  the  water.^ 
As  the  buro  of  the  pipe  is  diminislied,  and  its  length  inereasi  " 
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80  is  the  power  of  raising  a.  weight  multiplied.  Now  siipposo 
tho  bellows  were  filled  witli  wuter,  and  then  a.  pipe  screwed 
on  3  feet  high,  the  water  would  only  stand  in  the  pipe  to  the 
Bflme  height  as  that  in  the  heliowa;  place  weights  upon  the 
bellows,  and  the  wator  would  rise  up  in  the  pipe,  and,  as  just 
mentioned,  the  weight  would  have  to  he  300  lb.  before  the 
water  would  reach  the  top  ;  lengthen  the  tube,  and  the  weight 
would  have  to  be  increased.  As  it  is  known  that  1000  o 
of  water  (or  62^  lb.)  measure  a  cubic  foot,  the  weight  of  water 
can  be  ascertained  in  pounds. 

The  hydrostatic  presi,  invented  by  Mr,  Bramah,  is  one  of 
the  most  useful  and  powerful  applications  of  this  principle. 
It  is  used  by  printers  and  paper-makers  to  give  smoothness  to 
the  paper,  and  by  dealers  in  light  goods  to  compress  their 
articles  into  a  small  space  for  transit ;  also  as  a  machine  for 
raising  weights, 

d  (fig.  79)  is  a 
small  foroing-pump, 
in  a  small  tank,  to 
drive  the  water  into 
,'/,  which  is  a  stout 
uylinder.  A  closely- 
fitting  piston  in  lie 
centre  moves  freely 
upwards  and  down- 
wards, but  allows  no 
water  to  escape ;  on 
forcing  the  water  into 
/,  the  piston  is  driven 
upwards.  &  is  the 
handle  or  lever  by 
which  the  pump  ia 
worked;  and  a  the 
pUlaia  for  supportijig 
tho  entablature,  and 
enabling  it  to  resist 
the  upward  pressure 
of  the  pjstan.  When 
the  desired  amount 
of  pressure  is  given. 
a     stop -cook     e     is 
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turned,  and  the  piston  remains  at  rest.  Aa  soon  oa  the  articles 
are  supposed  to  be  suffltiently  pressed,  the  stop-coekia  turned 
back,  and,  the  water  flowing  out.  the  piatoa  gradually  de- 
scends. In  this  machine  tlie  pressure  that  ifl  available  ia  that 
on  the  bottara  of  the  pistan,  and  the  force  employed  ia  the 
prossui-o  on  tho  irater  at  the  bottom  of  the  piston  in  the  pump ; 
the  power  employed  will  therefore  be  to  the  effect  produced 
aa  the  mnsa  of  tho  base  of  tho  small  piston  in  ij  to  tho  area  of 
the  piston  g.  When  tho  bore  of  the  pump  is  very  small,  and 
the  power  great,  tho  force  may  amount  to  hundreds  of  tons. 
I'he  pump  in  this  case  acts  mstead  of  a  long  tube,  containing 
a  small  column  of  water. 

Two  of  these  maehinoa  were  employed  by  Mr.  Stephenson 
to  raise  the  immense  tubes  of  the  Britannia  Bridge  from  the 
Menai  Strmts  tu  their  proper  elevation.  Those  used  were  the 
most  powerftil  ever  constructed,  weighing  forty  tons  each. 
The  sides  of  the  cylinder  were  eleven  inches  thick,  and  its 
weight  was  sixteen  tons.  The  piston  was  twenty  inches  in 
diameter,  and  the  pressure  upwards  of  eight  thousand  pounds 
per  inch !  One  press  was  perfectly  competent  to  raise  the 
tube  (1800  tons),  although  two  wore  used.  The  pipe,  through 
which  the  water  was  forced  into  tho  cy-  -fffiiRlTlliTmt^ 
linder,  by  means  of  a  steam-engine,  inBtead  jjffll I  iPpI^ 
of  the  power  of  anion  pumping,  was  made  /ii]||'![.''!l,'^'l|!,||,J\ 

of  east  iron,  and  only  a  trifle  more  tlnLii  ;ii>  [' '     ",  ' i 

inch  in  diameter,  and  its  bore  about  hull 
inch  (fig.  81).    During  the  operation  "ii- 
the  pumps  hurst,  upon  which  tho  skili'iil 
engineer  made  the  bottom  of  the  cylinder        "'"'^ilJliiiJI^' 
of  a  more  rounded  shape  than  it  Lad  on  its  Pig  8'  ■ 

first  construction  I  hy  so  daing,  the  pump  proved  capable  of 
sustmning  the  immen^so  pressure  to  which  it  had  to  be  sub- 
jected. Such  was  the  force  with  which  the  water  was  diivca 
into  the  cylinder,  that  it  was  calculated  to  move  a  jet  to  a 
height  of  nearly  20,000  feet,  which  is  more  than  flvo  dmes  at 
high  as  the  tflp  of  Snowdon,  5000  feet  higher  than  the  summit 
of  Mont  Blanc,  and  nearly  fifty  times  higher  than  the  top  of 
St.  Paul's  in  London. 

If  two  pieces  of  wood  bo  made  so  that  their  surfaoee  fit 

closely,  and  one  of  the  pieces  be  ihstened  to  the  bottom  of  n 

I  Teasel,  then  water  be  gently  poured  upon  them,  the  upper 
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a  piece  ■will  remnin  at  tbe  bottom,  because  the  water  pressee 
a  upon  it  but  not  bolow  ;  but  ii'  it  be  in  the  least  raised, 
■0  B«  to  allow  the  water  to  insiiiuate  iteelf  between,  then  it 
rises  to  the  surface,  beoauso  thei^  ia  an  equality  of  presaure, 
■nd  the  wood  being  lighter  than  the  "water,  it  at  once  floats. 

The  immenae  power  of  a,  Bmall  stream  of  water  is  one  of 
those  taeans  ivhich  nature  iiaca  to  rend  mouutaiiis,  bo  they  of 
yielding  earth  or  stnliboni  granite  j  a  small  quantity  insinu- 
ated inlfl  a  crevice  brings  down  the  towering  cliff  of  hardened 
rock  in  fragments  to 
the  valley  beneath, 
Thns,  if  a  cavity  6 
(fig.  82)  in  the  face 
of  the  hill  a  a  haa  no 
outlet,  but  is  supplied 
with  water  through 
the  fissures  e  c,  the  Fig  82. 

&ce  of  the  hill  towards  d  will  be  forced  outwards,  on  the 
oavity  6  fiUing,  with  a  power  proportioned  to  the  height  of  the 
Sasures  c  c  and  the  interior  surface  of  the  eavity  b 

If  a  strong  wall  of  masonry  b  b  (fig  83)  ba  erected  to  hold 
iq>  a  batting  in  the  "  " 

earth  c  c,  and  proper 
holes  dd'^^  not  left 
to  dxxoi.  off  the  water 
tiint  may  accnmidate 
bdund,  the  wall  wUl 
be  cast  down,  unless 
built  with  a  strength 
oalciilatedonthe  same 
primple  as  for  a  con- 
stmotion  having  to 
SDstain  a  greatweujlit 
of  water;  in  tuct  ns 
an  engineer  would  I  s 
(jmute  a  dock-gati 

In  many  parts  of  T  i     s3 

Iflndon,  during  an  (\tri  lu^li  ti  1  t  minhrain  drama  will 
bllist,  and  throw  up  till  paMminl  isil  a  slight  earthquake  had 
lent  them,  which  arises  from  thi  drains  becoming  choked  and 
the  pressure  of  the  it  ater  heaving  up  the  supermcumbent  maas. 
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Equal  Pressure, 

As  air  presses  equally  on  all  parts  of  the  human  body  and 
other  substances,  so  does  water  on  any  substance  immersed  in 
it ;  thus,  if  a  piece  of  cork  be  sunk  a  great  depth,  it  will  retain 
its  former  shape  though  its  size  be  decreased ;  this  is  firom  the 
equality  of  pressure  on  all  its  parts ;  or  if  a  piece  of  soft  wax 
be  inserted  in  a  bladder  of  water,  and  a  great  weight  placed 
upon  it,  the  wax  will  not  be  changed  in  form,  from  the 
pressure  of  the  water  being  equal  on  all  sides. 

The  pressure  of  water  laterally  and  downward  has  been 
exemplified,  and  the  pressure  upwards  is  seen  by  its  rising  in 
any  hollow  tube  placed  in  water. 

When  a  vessel  is  deep  in  the  water  and  unfortunately 
springs  a  leak,  from  upward  pressure  the  water  rushes  in  with 
all  the  force  of  a  column  of  water  the  size  of  the  hole  and  the 
height  to  the  water-mark.  As  the  vessel  becomes  fuller  and 
setfles  down  nearer  to  the  height  of  the  water  outside,  the 
force  of  flowing  in  weakens,  and  ends  with  the  last  feeble  drop 
that  consigns  it  to  the  depths  of  the  ocean. 


CHAPTER  V. 

HYDRAULICS. 

This  name  is  from  two  Greek  words,  and  strictly  signifies  the 
art  of  conveying  water  through  pipes;  it  has,  however,  in 
science  a  wider  range,  teaching  how  to  estimate  the  swiftness 
and  force  of  fluids  in  motion,  whether  produced  by  natural  or 
artificial  means. 

Of  Fluids  issuing  from  Orifices, 

The  velocity  with  which  water  spouts  out  at  a  hole  in  the  sids 
or  bottom  of  a  vessel,  is  as  the  square  root  of  the  depth  or  di-* 
stance  of  the  hole  below  the  surface  of  the  water.  But  this  rule 
is  not  quite  correct  in  practice,  owing  to  the  resistance  offered 
by  counter  cuirents  and  friction. 

In  the  last  chapter  we  pointed  out  the  pressure  of  water 
against  the  sides  of  any  vessel  that  confined  it,  and  stated  that 
such  pressure  increased  on  the  sides  as  the  square  of  the  depth 
of  the  water. 

If  two  pieces  of  the  same  sized  pipe  be  fixed  in  a  vessel  full 
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rater,  and  one  Lo  placed  four  timpa  as  far  from  the  fiurfa 
'  B  water  as  the  other,  the  lower  one  will  deliver  just  ti 

I  water  as  the  upper  one,  at  uine  times  the  depth  a 
e  quantity,  and  bo  on :  as  the  distance  is  increased  trom 
^e,  so  is  the  quantity  of  water  discharged  increased. 
B  a  dose  agreement  between  the  law  which  regulates 
n  of  a  duid  issuing  from  an  oritice,  and  that  which 
I  the  descent  of  solid  hodies  falling  through  space. 
'  ywithwhieh  every  particle  of  a  fluid  umdng  frmn  an 
!,  viheikm-  sidewayi,  vpwardg,  or  downwards,  arrives  at 
face  of  the  ear^,  is  equal  to  that  which  it  would  have 
i,  by  falling  perpcndimlart  If  from  the  level,  of  t7ie  fluid  to 
the  orijiee.  Which  is  the  same  as  to  say,  it  is  as  the 
I  root  of  the  altitude.  The  fluid  in  issuing  liiowise 
the  general  law  of  the  motion  of  projectUes,  and 
ihes  a  parabolic  curve. 
The  pressure  on  the  bottom  of  a  Tessel,  if  the  sides  be  per- 
pendietilar,  is  equal  to  the  weight  of  the  fluid ;  and  as  the 
pressure  on  any  one  side  is  equal  to  half  the  pressure  on  the 
bottom,  when  the  sides  and  bottom  are  equal,  the  pressure  on 
the  four  sides  and  bottom  of  a  square  vessel  is  equal  to  three 
times  the  weight  of  the  fluid.  Thus,  if  the  water  weighs 
12  lb.,  the  prcsBure  on  each  side  of  the  vessel  will  be  6  lb, 
which  multiphed  by  the  four  sides  is  equal  to  24  lb.,  add  to 
which  the  weight  on  the  bottom  121b.,  the  tutal 
preaeore,  three  times  the  weight  of  the  fluid. 

The  pressure  against  the  side  of  a  vessel  Increases  in  proj 
portion  to  the  square  of  the  depth;  but  in  water  spout' 
from  a  pipe,  the  velocity  increases  as  the  square  root  of 
iepih ;  and  if  in  a  brewer's  vat  constantly  kept  full  there 
a  pipe  a  foot  below  the  surface,  and  it  was  desired  to  draw  off 
the  liquor  from  it  three  times  qoicker,  another  pipe  would  have 
to  be  plaued  10  feet  from  the  lop,  and  if  four  times  faster,  17 
feet  from  the  top,  as  before  named. 

The  friction  of  water  in  pipes  is  found  to  he  considerable, 
therefore  the  smoothest  material  is  always  chosen  for  their 
nmnofacture ;  and  whene^'er  practicable,  when  large  suppKea 
of  water  are  needed,  to  reduce  the  friction,  the  pipes  are  made 
size.  The  Iriction  in  an  inch-pipe  about  67 
1  to  have  such  efiect,  that  only  one-fourth 
e  discharged  that  would  pass  direct  from  a  1 
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the  Biuae  bore  made  in  a  thin  vessel.  The  most  ad\-fintageoQB 
application  for  the  discharge  of  water  is  that  of  a  short  pipe, 
in  length  oniy  twice  its  width  or  diameter. 

If  a  pipe  be  protruded  into  the  interior  of  a  Tcasel,  that  is, 
not  flush  with  the  sides,  the  discharge  of  water  is  diminished. 
To  ensure  a  &ee  egre-ss  of  water  it  is  neccsaarj  to  commenca 
the  pipe  in  a.  funnel-shape,  as  then  the  particles  of  the  water 
do  not  so  readily  cross  and  impede  each  other. 

Thus,  in  the  figuro.<  annt'xtvl,  wliero  the  vowel  marked  a 
(fig.   84)  is   bcin^-   ,   ■      ■    .  i  I  ■  .        I 

emptied  of  its  enii  - 
tained  water,  ctii- 

other  as  indicated  | 

by  the  arrows,  e 

much  impede  the 

rapid  flow  of  the 

water ;  but  in  the  5'ig.  84. 

figure  marked  6,  having  a  funnel-shaped  mouth,  the  water 

ilowa  easily  and  rapidly,  the  sloping  sides  of  the  esit-pipQ 

feoiliteting  the  flow. 

It  must  be  self-evident  on  the  slightest  reflection,  that  the 
velocity  of  water  running  out  of  a  vessel  which  receives  no 
additional  supply  will  ContLnually  decrease,  in  proportion  aa 
the  quantity  lessens,  from  the  surface  becoming  lower  and  the 
depth  less.  If  a  vessel  were  divided  into  36  spaces,  and  would 
empty  itsdf  in  6  minutes,  the  water  would  descend  through 
1 1  of  the  spaces  in  the  first  minute,  9  in  the  second,  7  in  the 
third,  5  in  the  fourth,  3  in  the  fifth,  and  1  space  in  the  mxth 
and  lost  minute.  If  the  vessel  were  kept  full,  it  would  din- 
charge  as  much  water  in  half  the  time. 

The  flow  of  water  through  oriflcoa  under  certain  and  unifonB 
oireumsteaces  is  so  steady,  tliat  prior  to  the  invention  of  dooite 
advantage  was  taken  of  it  to  regulate  and  indicate  the  divi- 
raens  of  time.  The  contrivances  thus  used  wore  caUed  ol^- 
ti/drfs  by  the  ancionte.  The  most  simple  arrangement  waa 
where  water  flowed  out  of  a  vessel  properly  graduated.  Bat 
as  we  have  just  shown  that  the  rate  of  flow  would  not  be 
nniform,  but  faster  when  the  vessel  was  full,  it  became  neoes- 
sary  to  adopt  some  contrivance  to  compensate  for  this  irregu- 
Ikrity.    The  most  commonly  used  arrangement  for  this  purpose 
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»  eithnr  to  employ  a  vessel  smaller  at  the  bottom  end.  and 

a  divided  into  a  certain  number  of  equal  pruts,  or  to  use  a 

Tenel  of  the  same  diameter  throughout,  tho  height  bei 
divided  into  a  number  of  unequal 
parts,  the  least  diviBJon  being  nearpst 
the  bottom.  These  plana  were  dif- 
ficult to  manage.  We  here  givfl  a 
drawing  of  a  most  ingenious  plan, 
by  which  the  water-clock  is  self- 
TCf^nlating,  the  design  of  Mr.  Part- 
ington ;  by  this  oontriranco  equal 
quantities  of  water  are  discharged 
in  equal  spaces  of  time.  It  will  bo 
piTceiTed  that  the  siphon  fsee 
PsECJiUTics)  plays  an  important 
part  in  the  apparatus ;  it  forms  a 
giy»d  example  of  the  adaptation  of 
purely  philosophical  principles  to 
practicat  purposes.  The  cylindrical 
tube  a  a  (fig.  85)  holds  the  water, 
which  scn'eB  as  the  measuring  me- 
dium. A  cork  float  c  moves  up  and 
down  in  ix  a  like  a  piston ;  the  leg 
of  a  siphon  &  b  passes  through  this 
float,  and  is  suspended  by  a  slight 
eord  over  tho  pulley  d,  supported  by 
the  standard  e  e ;  tjio  weight  of  the 
float  or  siphon  is  nearly  counter- 
balanoed  by  the  weight/.  A  pointer 
b  is  fised  near  the  delivering  end  of 
thft  riphon ;  this  marks  out  the  divi- 
Btona  of  time  placed  at  tho  sido  of  the 
iiiBtnunent.  It  is  obvious  that  as 
the  float  by  which  the  siphon  ia 
■apportcd  is  always  immersed  to  the 
same  dppth  in  tho  wnter.  the  outer 
leg  will  always  remain  in  the  same  Fig-  S5.— The  Wator-clock. 
lelativu  position  to  the  surface  of  the  water  in  the  tube ;  thus  , 
the  pressure  lioing  always  the  same,  the  flow  of  water  will  5" 
nniform.  A«  the  water  flows 
tiphoD,  tho  lloiit  and  siphon  fall,  and  the  pointer  conscqueS 
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iudicatoe  the  hour.  The  water  discharged  from  the  atphon 
falls  into  the  hex  m  m ;  and  wheu  required  to  he  replaced  in 
the  tube  the  iaatriuneut  is  inverted,  the  water  flowing  into  the 
cylinder  through  the  valve  A,  which  opens  inwards,  allowing 
the  ingress  of  water,  bat  prevunting  it  from  leaving  the  cylinder. 

Flow  of  IVaier  in  Open  CkanneU. 

Water  in  livore  and  canals,  the  bed  of  which  inclines,  flows 
on  in  ohedionce  to  the  law  of  gravitation.  Dut  its  velocity  Ie 
materially  lessened  by  friction  against  the  bottom  and  aides  of 
the  channel. 

Were  the  velocity  of  rivers  not  checked  by  friction,  thar 
force  would  be  frightful.  The  Rhone,  fiwm  900  feet  above  the 
level  of  the  sea,  would  pour  into  the  ocean  at  its  mouth  with 
a  velocity  of  240  feet  a  second,  or  164  miles  an  hour ;  and  the 
Thames,  with  a  fall  of  100  feet,  54J  miles  an  hour.  The 
Mction  increafea  as  the  strenm  proceeds,  until  the  flow  becomee 
limited  and  easy.  But  this  depends  on  the  quantity  of  descent 
in  a  given  distance,  and  the  proportion  of  the  surface  of  tbe 
bottom  to  the  quantity  of  water.  The  toiTenta  that  rash 
down  some  of  the  Alpine  steeps  at  the  rate  of  eight  miles  ui 
hour  will  carry  with  them  stones  four  feet  in  diameter ;  when 
the  rate  is  two  miles  an  hour,  the  size  of  the  rolling  stones  ia 
about  three  inches  in  diameter ;  and  when  reduced  to  a  quarter 
of  a  mile  an  hour,  small  eund  only  is  moved  along.  Thus 
rapid  rivers  are  stony,  slow  ones  sandy  or  muddy.  A  river  is 
most  rapid  in  the  centre  of  the  channel,  loss  so  at  the  bottom 
and  sides  &om  the  increased,  fiiction.  This  is  the  reason  why 
shipB  sailing  with  the  tide  go  into  the  middle  of  the  stream, 
and  those  sailing  against  it  keep  in  ahorc.  The  mean  velooi^ 
is  fouud  in  half  the  square  root  of  the  extreme  differenoe  nf 
the  velocity  in  the  channel  and  at  the  bottom. 

The  rate  at  which  a  river  flows  may  be  estimated  by  placing 

against  the  stream  a  funnel  having  a  bent  tube ;  the  higher 

the  water  stands  in  Ihe  tube  above  the  level  of  the  river,  " 

greater  the  volocity.     Some  pei-sons  mark  with  a  watch  the 

time  taken  by  a  floating  body  in  passing ;  then  by  cnlcuUitlng 

I    the  width  and  depth,  making  some  allowance  for  &iction,th^ 

1    ascertain  the  quantity  of  water  and  velocity  of  its  passagOi 

The  velocity  of  a  stream  or  river  vaiies  according  to  OP- 
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Whco  the  bottom  has  an  inclination  of  about 
fimr  inches  per  mile,  the  rate  at  which  the  water  flows  onward 
will  be  found  to  be  nearly  three  miloa  an  hour.  A  long  straight 
river  will  he  always  found  a  rapid  one  ;  and  many  who  have 
ttodied  the  subject  can  form  a  pretty  near  estimate  of  the  rate 
of  tie  current  hy  merely  glancing  at  a  map  where  its  course 
IB  laid  down. 

It  is  curious,  nt  tho  mouth  of  a  river  flowing  into  the  ocean, 
to  observe  the  meeting  waters  passing  in  diflerent  directions ; 
thus  the  heavy  sea-water  will  be  flowing  in  while  the  light 
freah  water  is  heaved  to  tho  top  and  continues  flowing  out,  so 
tiist  tbero  appears  for  miles  out  to  sea  a  smooth  muddy  snake- 
like  onrrent  spread  over  the  wgorous  heaving  bosom  of  old 
Father  Ocean. 

Two  streams  which  meot  when  flowing  in  the  same 
tion,  are  a  still  longer  time  in  mingling  their  waterB. 
win  run  side  hy  aide  for  a  eonaidcmble  distance,  each  carriefl 
on  separately  hy  its  own  imiwtas.  The  greater  the  veloeity 
of  the  currents,  tlte  longer  will  they  be  without  intermixing. 
Thia  curiiius  phenomenon  ia  well  seen  where  a  muddy  river 
meets  a  clear  one,  as  in  the  coniluence  of  the  Aivo  and  t 
Khone  near  Geneva,  and  of  tho  Khine  and  Main  at  Mayenced 

Motion  ofShi'^s  Sailing. 

If  a  ship  be  sailing  at  the  rate  of  one  mile  an  hour,  it  dis- 
places so  many  particles  of  water  ;  if  it  sail  two  wiles  an  hour, 
it  must  dwpiace  twice  as  many  particles,  to  do  which  will 
require  twli«  the  force  to  aceomplish :  but  in  doing  this,  not 
only  is  twice  the  force  required  to  attain  the  speed,  but  to  dis- 
place the  water  with  twice  the  velocity,  the  power  has  to  be 
Bgoin  doubled ;  thus,  then,  four  times  the  force  is  required ; 
therefore  it  is  as  the  square  of  the  velocity  of  the  moving 
body.  In  trebling  the  speed  a  force  of  nine  will  be  necessary ; 
•ad  four  times  the  speed  will  be  ohtainpd  if  a  force  of  siiteen 
be  applied  to  overcome  the  rpsistance.  Then  in  steam  naviga- 
tum,  if  a  SO-horse  engine  propels  a  vessel  seven  miles  an  hour, 
•  40-horse  power  will  be  required  to  impel  it  ten  miles  an 
I,  which  causes  very  swift  steamers  to  occupy  a 
space  in  carridng  coal  for  their  engines. 
1  otdculating  this  resistanoe,  it  ia  found  f 
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vesaela  caa  hardly  attain  a  greater  speed  than  fifteen  miloa  o 
hour. 


"  This  law,"  says  Dr,  Amott,  "  explains  also  why  a  ship 
glides  through  the  water  one  or  two  miles  an  hour  when  tliere 
is  very  little  iraid,  although  with  a  strong  breeze  ahe  woiild 
only  sail  at  tho  rate  of  eight  or  ten  miles.  Tlie  hundredth 
part  of  that  force  of  wind  which  drives  her  ten  miles  an  hooz 
will  drive  her  one  mile  an  hour;  and  the  four-hundredth  part 
will  drive  her  half  a  mile.  Thus,  then,  during  a  calm,  b  few 
men  pulling  in  a  boat  can  move  a  large  ship  at  a  aensihle  rate." 
He  action  and  reaction  of  a  solid  and  a  fluid  is  felt  when  a 
ahip  is  anchored  in  a  stream,  the  strain  upon  it  being  as  tha 
Bquare  of  the  velocity  of  the  eiirrent.  If  the  etrain  on  a 
vessel  in  a  stream  having  a  speed  of  four  miles  an  hour  bo 
equal  to  16  owt.,  then  if  the  stream  be  Right  miles  an  hour 
the  strain  will  he  64  owt.  The  law  is  the  same  as  for  a  solid 
L  moving  in  a  flnid. 

Of  Flmdt  whkh  meet  ohliqiK  Surfaces. 
[  a  solid  and  a  Huid  meet  obliquely,  the  etieut  on  the  tur- 
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f  of  the  solid  is  always  pGrpcndicular,  but  the  impul 
Bred  by  the  force  is  kss  in  pruporttua  to  the  obhquity*! 
I  is  explained  by  the  rtsolutian  of  forert.  The  forte  of 
^oid  IB  resolved  into  two  othera,  one  pftrallel  to  the  side  of 
tltody  impinged  upon,  the  other  perpendicular  to  it.  The 
only  is  effective.  The  vanea  of  a  windmill  dircL-tly  face 
^wind,  but  the  blades  of  the  vanea  are  placed  obliquely 
'  p  the  thiuk  arm,  gradually  inclined  from  the  plane  of  their 
lion  aa  they  approach  the  nfi"  ;  therefore  the  action  of  the 
^l  being  perpendicular  to  these  parts  of  the  snrfacea,  t 
■  are  driven  onward,  and,  turning  round,  the  asle  commu  J 

B  motion  to  the  machinery.  In  8ome  windmills,  inatea 
Svering  the  vanes  with  canvas,  thin  wood  has  been  s 
By  employed.  The  Chinese  often  have  wooden  sails  to  their 
Teasels,  and  the  recent  triumph  of  an  American  yacht  with  a 
Btrai^t  stiff  sail  has  demonstrated  the  advantage  of  this  modo 
of  rigging.  The  subject  is  now  engaging  the  attention  of 
nautical  men,  and  we  should  not  be  surprised  if  some  day 
wooden  soils  were  adopted.  They  afford  considerable  facility 
in  their  management  compared  to  the  sails  now  prevalent.  If 
they  were  made  similar  to  a  Venetian-blind,  they  could  with 
ease  be  furled  on  deck,  and  all  the  effects  of  reefing  be  accom- 
plished by  turning  thorn  edgeways  to  the  wind. 

It  is  on  the  resixtana  of  a  ftaid  to  the  dilique  xarface  of  a 
moving  noUd  that  depends  the  power  of  that  great  discovery  in 
modem  navigation — the  Screw  Propeller.  In  1802,  Mr. 
Shorter  appUed  a  propeller  Hke  the  sails  of  a  windmill  to  the 
Stem  of  a  vessel  in  the  Thames.  Various  attempts  were  after- 
irards  made  in  this  mode  of  propulsion,  and  in  1836  Mr. 
Hmiiti  took  out  a  patent  and  built  a  vessel  for  the  working  of 
trhioh  there  was  a  screw  of  2  feet  diameter,  having  a  pitch  of 
2  feet  5  inches.  The  nest  important  vessel  was  the  ■  Archi- 
rocdos/  built  by  the  Hennies,  tke  screw  of  which  had  two 
threads  opposite  to  each  other,  5  feet  9  inches  in  diameter  and 
8fect  pitch.  From  this  time  the  subject  engaged  the  attention 
of  Boientific  men,  and  the  angle  of  the  blades  of  the  screw  was 
owoed  to  be  one  of  the  most  important  points  in  the  perfecting 
of  this  system  of  navigation.  The  numerous  experiments 
that  have  taken  place,  seem  now  to  have  led  to  a  decision  in 
&voar  of  the  angle  of  the  outer  edges  being  12^°  with  thft^ 
plane  of  rotation — the  angle  of  the  vanes  of  a  windmill. 
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We  have  often  delighted  in  the  exercise  of  BouUing  a  boat, 
thflt  is,  by  placing  an  oar  oat  from  the  stern,  and  by  giving  the 
end  in  our  hands  a  motion  of  a  a^ment  of  a  circle,  driving  the 
boat  along ;  the  surface  of  the  oar  that  pretises  the  water  is 
turned  obliquely  backward,  and  the  reaction  of  the  water 
forces  the  boat  onward.  The  tails  of  hsh  generally  act  in  a. 
similar  manner,  whilo  the  tins  direct  the  motiou. 

Of  Water  as  a  Motive  Power. 

Water  in  motiaii,  flowing  from  ceaseless  springs,  and  teeming 
from  extensive  water-shods,  iu  its  passage  to  the  ocean  seeks 
a  course  amid  the  valleys  of  the  earth.  The  weight  and 
momentum  contained  in  this  gift  of  nature,  man,  from  time 
immemoi'ial,  has  endeavoured  to  turn  to  his  own  advantage ; 
and  although  the  steam-engine  has  stepped  in,  and  rendered 
tMs  power  less  important  than  heretotbre,  yet  where  water- 
power  is  abundant  and  constant,  it  offers  the  desideratum  of 
economy,  for  various  purposes  of  industry.  Thus  the  princi- 
ples of  hydraulics,  combined  with  hiws  of  mechanics,  have 
been  studied  in  order  to  apply  water-power  to  advaataga  in 
the  construction  of  wheels  to  turn  machinery. 

The  beat  mode  of  applying  the  power  of  water  to  wheels  is 
found  to  be  when  the  wheels  are  placed  vertically,  having,  of 
course,  their  axis  of  rotation  horizontal.  The  dittcrent  whoela 
ording  to  the  part  of  the  periphery  or  cir- 
n  which  the  water  acts, — itnders}iot,  overshot,  high 
and  low  breast  wheeis.  Tho  under»hot  wheel  (fig.  87)  is  above 
the  stream,  dipping  in  it  below,  and  the  running  water  ope- 


Fig.  87.— nnderehot  wheel,  Fig,  88.— Orerahot  whsel. 

rates  against  a  series  of  flat  h  jarda  placed  around  the  outsidei 


hich  it  ia  driTen  round.     The  overgliot  wheel  (fig.  88)  is 

t  in  which  the  water  flows  upon  the  wheel  from  a  higher 

i  than  the  wheel,  and,  falling  into  buckets  or  recesses,  by 

ight  presses  the  wheel  downwards,  which,  emptjing  in 

^t,  returns  npwards  light;  and  thus  having  a  light 

(heavy  side,  motion  isgiven  to  the  wheel.     A  ftrtwsiwheel 

a  the  foil  of  water  is  lower  than  the  diameter  of  the 

d ;  this  pouring  on  the  wheel  above  its  axis,  it  is  called 

h  brtatt;  and  upon  a  lower  part  of  the  circumference,  tow 

It  must  bo  obvious  that  it  depends  chiefly  on  the 

letet  of  the  wheel  whether  the  water  falls  above  or  below 

In  these  wheels  both  the  momentum  and  weight  of 

^.-vater  act  in  creating  motion. 

X  water  flowing  from  a  mill-race  be  3  feet  broad  and  2  feet 

t  rate  of  4  miles  an  hour,  in  an  undershot  wheel, 

l^y  3  by  2,  that  is  the  depth  and  width,  this  is  6.     For 

i&4  milefi  which  flow  in  an  hour  we  have  21,120  feet,  this 

Tided  by  60  givea  352  feet  pex  minute ;  then  multiply  352 

by  G,  aod  the  number  of  feet  of  water  passing  under  the  wheel 

per  minute  is  2112,     But  aa  the  pressure  of  water  ia  only 

equal  to  half  tlie  area  of  the  float,  the  whole  pressure  per 

mimile  will  be  the  half  of  2112,  or  1056  feet;  and  as  a  cubic 

foot  of  water  weighs  62  j  lb,,  its  labouring  force  is  66,000  lb, 

per  minut^i,  or  3,900,000  lb.  per  hour.     But  in  an  overshot 

wheel  there  are  great  advantages,  as  the  weight  of  the  water 

act£  on  the  wheel  through  a  larger  space ;  and  in  the  breast 

wheel  there  is  the  advantage  of  a  perpendicular  column  of 

Much  ingenuity  is  exercised  in  the  form  and  position  of  the 
buckot.s  to  receive  the  water ;  also  the  angle  at  which  the 
water  should  be  laid  on  has  been  a  matter  of  discussion.  In 
Hug  country  it  is  thought  to  bo  best  at  52|  degrees  &om  the 
summit ;  while  the  French  consider  60  degrees,  that  is,  30 
degrees  above  the  horizontal  plane  passing  through  the  axle  oi 
the  wheel,  as  most  productive  of  power. 

E*!nnie  increased  the  width  and  diminished  the  depth  of  the 
bncketH  of  water-wheels ;  he  also  applied  the  descending 
fihntl'le  by  which  the  flow  of  water  ia  regulated  over  the  upper 
tUge,  80  as  to  obtain  the  fall  henefit  of  the  fall,  instead  of 
ing  under  the  shuttle,  whereby  some  of  the  fall  was  lost ; 

1  by  augmenting  the  velocity  of  the  periphery  or  circum- , 


I 


ference  from  3  feet  to  5  feet  per  second,  realised  nearly  75  pel- 
cent,  of  the  power. 

Of  the  Motions  of  the  Sea. 

The  moTOmenta  of  the  mighty  mass  of  waters  which  extend 
over  by  far  the  Inrger  moiety  of  the  surface  of  our  eai-th,  are 
many  and  varied  in  nature,  but  all  of  vital  importance  to  those 
who  have  to  jonmey  on  its  surface,  as  they  are  frequently  pro- 
ductive  of  danger  to  the  frail  fahriea  to  which  these  must  needs 
tmst  themselves.  The  constant  movemento  of  the  ocean  are 
tides  and  currents;  the  accidental,  waves  and  storms.  The 
diurnal  flow  and  ehh  which  we  call  tide  has  its  eanse  in  the 
attraction  exerted  hy  the  heavenly  bodies,  especially  the  sun 
and  moon,  on  the  loose  mass  of  liquid  forming  the  ocean.  The 
moon  has  the  most  to  do  with  these  tides,  heing  so  much  the 
nearest  to  the  earth.  Their  daily  recurrence  and  occasional 
increase  depend  upon  this  satellite,  as  well  as  on  the  motions 
of  the  earth  and  sun,  their  variation  being  caused  by  the 
varying  aatronoraical  relations  of  these  three  orbs. 

Owing  to  its  peculiar  geographical  position,  the  Mediter- 
ranean sea  has  no  tide,  but  rushes  into  the  Atlantic  through 
the  Straits  of  Gibraltar  in  the  direction  of  the  moon's  motion 
from  east  to  west. 

Besides  the  tidal  motions,  there  are  certain  oceanic  currents 
of  the  greatest  importance  in  navigation.  These  depend  upon 
special  local  causes  continually  in  action — as,  differences  i^ 
level,  the  pouring  in  of  great  rivers,  the  heat  of  the  tropics 
and  the  cold  of  the  poloa,  oppwation  by  maaaea  of  land,  the 
rotation  of  the  globe,  and  certain  prevalent  winds. 

The  heat  of  the  equator  and  the  movement  of  the  globe 
cause  an  immense  mass  of  water  to  be  directed  against  the 
coast  of  America,  striking  against  the  shores  of  the  Gulf  of 
Mexico  ;  this  current  is  deflected  eastward,  and  taking  a  direc- 
tion towards  the  British  islands,  forms  the  great  Gulf-stream, 
Oceanic  currents  which  meet  in  an  oblique  manner,  may  form 
dangerous  eddies  or  whirlpools- — as  thaie  off  the  coast  of  Sicily, 
so  dreaded  and  so  exoggeratod  by  the  timid  mariners  and 
romances  of  ancient  times  under  the  names  of  Charybdis  and 
ScyUa  ;  or  that  more  really  terrible  one  off  Lofoden  in  Norway, 
Maelstrom.  These  vortices  depend  much  also  on  a  certain 
concurrence  of  wind  and  tide.     And  it  adds  to  a  storm  in 
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h  rogions  an  additdonal  terror  of  no  mean  import,  to  know  | 
K  a  ehip  'which  is  drifting  helplessly  towards  a  certain  spot 
I,  will,  OS  soon  as  it  arrives  there,  be  sucked  down 
e  rcmoreeleea  eddy  into  the  very  bowela  of  the  deep. 
Waves  are  accidental  moTcments  of  the  surface  of  the  sea, 
e  they  cannot  bo  said  to  exist  when  the  atmosphere  is 
itly  still ;  the  surface  is  then  calm.     But  vrind,  or  any 
ir,  produces  a  perturbation  of  a  eiuface  of  water. 
b  is  greatest  when  that  surface  b  extensive.   The  wavelet 
Bed  by  blowing  on  a  tumbler  of  water,  or  that  which  spreads 
drcnlarly  from  a  fall  of  a  stone  into  a  mill-pond,  are  esplained 
in  the  same  manner  as  the  impoeing  foara-crested  clevationB 
beheld  in  the  sea  as  it  rushes  towards  the  shore.     There  are 
BHccessiYe  and   uoutinuous  intervals  of  action  and  reaction. 
A  part  of  the  sui-fiice  is  depressed  and  pushed  forward  by  the 
wind,  in  front  of  it  the  water  heaves  up.    Roaeting  in  obedi- 
^^^mpe  to  the  laws  of  gravitation,  the  depreeaed  part  rises,  the 
H^Bb«tod  ridge  falls.     The  wind,  atill  blowing,  causes  a  second 
^^^Bh6tion,  and  so  on.     The  appearance  of  the  whole  surface  is 
^^Hrtf  a  number  of  waves  moved  oitward  in  one  direction. 
^^'^But  the  water  that  forms  a  wa.vo  does  not  necessarily  move 
'        onwards  ;  it  is  only  the  sur&ce  which  rises  and  falls  rhythmic- 
ally, just  as  wheu  we  spread  a  long  carpet  or  piece  of  cloth 
on  the  floor,  and  shake  it  from  one  end,— the  mode  practised 
in  dismatie  representations  of  the  ocean's  waves.   The  motion 
of  the  waters  moving  progressively  onwards,  on  arriving  at  a 
beach  they  curl  over,  and  the  communicated  force  they  contain 
aends  itself  by  friction  against  the  shore.     The  average 
^t  of  a  wave  is  about  12  feet,  added  to  which  is  the  hollow 
,  or  as  it  is  called  "trough  of  the  sea,"  giving  an 
e  of  24  feet  in  height.     During  some  storms  iit  the 
EDtic,  Dr.  Scoresby  measured  waves  43  feet  above  the  xeve! 
e  hollow  occujiied  by  the  ship,  and  states  that  the  average 
B  are  lo  feet  highj  while  the  peaks  of  crossing  or  crests 
Idng  seas  would  shoot  up  10  or  15  feet  higher.     From 
t  to  crest  he  estimates  the  moan  distance  at  about  550 
j  the  rate  at  whiuh  they  travel,  about  700  feet  in  i 
'b  of  time ;  and  the  breadth  of  the  waves  220  fee 
a  doeB  sdence  measure  and  mark  natui-o  in  her  calmest 
iKBtormiest  moods.     It  wiO  be  seen  from  what  we  have   ' 
I,  that  when  a  vessel  is  made  of  an  extraordinary  length, 
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its  Btem  and  stem  may  roach  from  wave  to  wave,  and  the 
midahipe  be  left  unsupported  by  the  sea,  which  must  endanger 
the  safety  of  the  vessel,  it  heing  then  apt  tti  hreak  its  back,  as 
naiitieal  men  say.  But  the  machinery  of  large  stoam-TCBsela 
rests  on  bridges  of  iron  that  span  the  vessel's  length,  giving 
strength  t<i  the  midships. 

VojBgere  to  Madras  tell  ns  of  the  vast  waves  continually 
breaking  on  the  coast,  which  create  a  dangerous  surf,  extend- 
ing some  distance  from  tho  shore.  As  there  are  no  harbours, 
the  mails,  and  sometimes  passengers,  have  to  be  landed  in 
little  rude  veasels,  called  catamarans,  that  are  driven  through 
the  surf;  the  boatmen  are  often  washed  off  them,  but  being 
aoeustomed  to  their  management,  and  practised  in  swimming, 
they  regain  their  places,  and  preserve  their  eargo,  with  won- 
derful skin.  A  small  river  runs  from  the  shore  into  the  sea ; 
and  many  an  attempt  has  been  made  by  the  engineers  visiting 
this  important  presidency,  to  render  this  available  for  the 
purposes  of  a  harbour,  but  as  yet  fruitlessly.  Captain  Chisholm 
having  ob.ierved  a  balk  of  teak  wood,  that  had  been  driven  by 
the  force  of  the  ocean  into  the  shore,  withstand  the  raging  of 
the  surf  for  soma  years,  contrived  a  pier  of  timber  to  extend 
beyond  the  broken  water,  by  which  passengers  and  goods 
might  at  all  times  he  landed. 

When  the  ocean  tide  meets  the  rapid  stream  of  a  powerful 
river,  the  former,  being  the  stronger,  rises  up  like  a  wall,  and 
rushes  with  irresistible  force  along  the  coast.  This  is  named 
the  bore;  it  often  causes  great  injury  to  shipping ;  it  ia  com- 
mon near  the  mouths  of  the  Ganges,  whence  its  effects  are  felt 
to  a  considerable  distance.  On  n  smaller  scale,  it  forms  a 
familiar  phenomenon  in  many  British  rivers. 

On  Maeli'iMS  for  lifting  WaUr. 
The  method  of  drawing  np  water  by  exhausting  a  tube  of 
air,  as  in  tho  common  panip.  will  bo  presently  treated  of  in 
the  chapter  on  Pbkpmatics.  We  may  now  speak  of  some 
simpler  machines  that  do  not  call  int^i  operation  the  agency  <£ 
the  atmosphere. 

The  most  pristine  mode  of  which  wg  have  any  knowledge 

is  that  at  present  employed  by  the  market-garden  ere  around 

I    London.     It  consists  of  a  long  pole  placed  horizontally  and 

I  balanced  on  on  axle  at  the  top  of  another  long  pole,  or  an  ad- 


vmi  trFTroe  wateb. 


jscont  stem  of  a  tree,  standiag  upright.     The  bucket,  sas- 
r  the  wel!  from  a  ropo  attached  to  one  end  of  the 


bomontal  polo,  being  dropped  to  the  bottom  and  filled,  in 
action  of  which  the  end  of  tho  pole  where  the  bucket  is  flsed  I 
sinks  down  and  the  other  end  rises,  a  man  haying  hold  of  a  1 
short  rope  fastened  to  tho  part  of  tho  pole  now  elevated.,  pulls  . 
It  down,  and  the  bucket  rises  from  tho  weU  (flg.  89).    This  is  1 
fi  epcedf  method  in  comparison  to  tho  winch  and  axle,  and  1 
■iiHwers  excellently  where  the  water  ia  at  no  great  depth. 
-The  commonest  mode  of  raising  water  from  wells  ia  that  of 
_  a  rope  by  means  of  a  winch  or  handle  round  an  axle. 
power  required  to  lift  the  water  ia  as  tho  circumference  of 
ule  to  the  circumference  of  the  circle  described  in  turning 
handle.    If  the  latter  be  twelv  e  times  the  size  of  the  former, 
then  one  pound  at  the  handle  will  raise  twelve  pounds  at  the 
nxie ;  therefore  the  leas  the  axle,  and  the  longer  the  handle,  the 
ier  ia  the  work.     Those  who  have  tried  this  moehanical 
Ltion  are  aware,  that  if  the  well  be  deep  the  ropo  or  chain 
coil  agmn  and  again  over  the  axle,  and  m  tho  bucket  ap- 
■bse  the  tep  the  work  becomes  harder,  and  more  strength 
'x  applied.    This  arises  from  the  rope  or  chain  increasing 
B  of  the  axle,  and  leaaerung  the  difference  of  the  cireiim- 
)  (rf  the  circle  of  the  handle  in  proportion  to  the  axle, 
aeoompanying  diagram  (fig.  90)  shows  a  method  of  rai- 
rter  in  a  somewhat  simUar  munner  to  that  of  dredging 
mud  and  gravel  at  the  bottom  of  rivers.     A  series  erf 
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buckets,  cccc,  are  attached  to  a  rope  or  chain  which  passes 
round  two  pulleys,  or  rather  wheels,  a  and  h,  the  lowest 
being  sunk  in  the  water  that  is  to  be  raised.    On  turning  a 


Fig.  90. — The  Bucket-machine.  Fig.  91. — The  Chain-piimp. 

handle  fixed  in  the  wheel  a,  the  buckets  rise  on  one  side,  and 
descend  on  the  other  in  the  direction  of  the  arrows.  The 
buckets  that  are  raised  up  are  fall  of  water,  and  on  arriving  at 
the  wheel  a,  in  turning  round,  it  is  turned  out  into  the  trough 
«,  and  led  away  by  the  pipe  d.  This  is  called  the  "  Bucket 
Machine." 

The  plan  we  have  just  described  is  improved  upon  (fig.  91) 
by  having  flat  boards  attached  to  the  rope  or  chain  instead  of 
buckets.  Passing  over  the  wheels  a,  h,  these  are  made  closely 
fitting  to  a  long  tube  or  box  a  a ;  on  the  boards  rising  from 
the  wheel  h,  they  carry  the  water  above  them  in  the  manner 
of  a  piston  of  a  pump  with  a  closed  valve ;  and  on  reaching 
the  trough  e  e  the  water  flows  in,  having  borne  more  upwards 
than  could  have  been  done  by  a  proportionally  sized  machine 
"witii  buckets.  They  are  found  to  answer  well  in  ships,  and 
are  called  chain-pumps. 
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fxtremely  simplo  mode  of  raising  water  i 
a  gravity  is  the  following: — 
p>ugh  hair  flat  rope  //  (fig.  92) 
I-  two  wheels  a,  e,  when 
Ktiie  &iction  created  by  rapidly 
ing  the  handle  c,  a  quantity 
of  water  is  raised  to  the  trough  6  b, 
bom.  whence  it  is  discharged  by 
the  epout  d.  The  ascending  ropo 
pEUses  through  a  wide  aperture  at 
the  tup,  but  on  the  opposite  side 
is  squeezed  through  a  small  tuba, 
by  which  the  water  is  retained. 
Instead  of  the  handle  a  band  may 
be  affixed,   which  is  moTed   by 

steam-power.   These  machines  are  ^ 

foond  to  succeed  when  the  height  t-. — ^'^=|: 
tie  water  has  to  be  raised  does  = 
not  exceed  ten  feet. 

The   fens  of   Liucolnshire    i 

oonHiderably  below  the  level   of  ^^' 

the  sea,  and  are  known  to  ho  saturated  with  water ;  many  arc 
the  contrivances  to  drain  the  land,  so  that  it  maybe  rendered 
subservient  to  the  purposes  of  agriculture.    The  moat  success- 
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placed  in  the  water,  and  having  floats  or  buckets  around  its  cir- 
ctunterence,  not  rodiatiug  &0'm  the  centre,  but  as  tangents  in  a 
small  circle  set  in  motion  by  one  of  Boulton  and  Watts'  enginoa, 
can  raise  a  largo  bod;  of  'water  four  feet  in  height ;  at  some 
distance  on  this  higher  elevation  a  similar  wheel  is  placed,  and 
thus  throughout  the  district  the  water  is  gradually  raised  four 
feet  at  each  wheel ;  the  effect  of  thin  system  has  been  so  ex- 
traordinary, that  the  land  in  the  country  of  the  fens  is  now 
found  to  be  eight  inches  lower  than  it  was  twonty-fbur  yeaiB 
ago. 

The  visitors  at  the  Great  Exhibition  of  1851  were  struck 
with  astoniahment  at  the  operations  of  the  contriftigal  pumps 
thei-e  ia  action.  The  action  of  such  a  machine  ia  as  follows : — 
If  we  suppose  a  a  (fig.  94)  to  be  the  well  from  which  the 


/  bo  allowed  to  totate  on 
!■<  at  the  step'  shown  in 
the  drawing,  and  have  motion  conimunieated  to  it  by  a  band 
passing  over  the  pulley  g,  and  connected  with  a  pnme  mover 
near  the  top  of  the  vertical  pipe  6  6,  lot  two  arms  or  pipes  dd 
be  phioed  communicating  with  tho  interior  of  6  b,  but  at  right 
angles ;  let  these  arms  be  open  at  the  ends  e  e,  and  be  above  a 


bon^  supported  by  the  frame  h  h,  On  filling  the  tulio 
vitik  water,  whieli  is  prerentfii  from  passing  out  by  the  closil 
of  tlie  valve  c  at  the  iiperlQrc  tit  the  bottom  of  the  pipe  b  q 
aad  tiiniiiig  it  by  the 
pulley  3,  the  arms  d  d 
rapidly  revolve,  the 
centrifugal  action  wiU 
Hixow  out  tbe  water 
by  the  ends  «  t  into 
the  trough  or  bos, 
and  this  will  pass  off 
by  the  pipe/;  as  the 
water  is  withdrami 
from  the  top  of  tbe 
Terticol  twbe  by  being 
paasod  through  e  e, 
more  water  is  drawn 
through  the  valve  c, 
and  by  this  meauB  the 
supply  is  continuons 
80  Inog  as  motion  lb 
imparted  to  the  tube ; 
tbe  valve  c  dosing 
whenever  the  tube  is 
Btopped.preventawater 
passing  out,  and  con- 
sequently does  away 
with  the  necessity  of 
filling  the  tube  each 
time  it  ia  required  to 
be  worked. 
_Amid  the  machinery 
3  Great  Exhibi- 

,  towering  above" 

r  objects  by  ri8ing^ 

laroofofthobuild-' 
ras  a  wooden 
in  appearance 
chimney-shaft, 


of  this  pump  consiated 
1  upright  shaft,  7 


I 

I 
I 


I  lim,  wuB  thrown  into  an  iron  case  eacloBing  the  disc ;  this 


Tjdet 
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had  an  opejiing  at  the  top  of  63  superficial  inches,  through 
tho  irater  was  cast  upwards. 

IT  we  know  if  wo  torn  a  mop  that  has  hoen  dipped  in 
qnickly  ronnd,  the  wat«r  is  driven  off  to  a  distajice  pro- 

ioiiat«  to  the  Telocity  given  in  the  trundling  ;  and  this  it 

be  Been  is  the  principle  of  the  centrifugal  pumps.  We 
may  also  illustrate  it  by  corn  dropped  in  the  middle  of  tKO 
stonra  when  in  revolution ;  the  flour  nishca  off  to  the  edgua ; 
henee,  when  water  is  thus  propelled  from  a  centre,  if  not 
atloAfcd  to  fly  off,  by  being  confined  in  a  case,  wherever  it  can 
find  an  outiet,  there  will  it  go ;  if  an  upright  tube,  it  roahea 
np  that  as  a  means  of  escape.  The  disc  was  placed  upright  at 
tho  bottom  of  the  shaft,  with  a.  spindle  paasing  through  ita 
centre,  the  other  end  of  which  projected  at  the  back  part,  and 
had  on  it  a  wheel,  12  inches  diameter ;  around  the  wheel  was 
a  band  connected  with  steam  machinery,  having  an  Scinch 
diameter  cylinder  of  2  feet  2  inches  stroke.  With  a  pressure 
of  steam  of  28  lb.  on  the  square  inch,  giving  a  velocity  to  the 
{dston  of  250  feet  per  minute,  the  disc  made  800  revolutions 
in  a  minute ;  which,  if  we  midtiply  by  the  circumference,  that 
is,  three  times  and  nearly  one-soventh  of  the  diameter,  in  even 
fignrss,  3  feet  1|  inch,  the  velocity  of  the  rim  wonld  bo 
equal  to  2516  feet  8  inches  in  a  minnte  (really  2512  feet). 
If  we  desired  to  know  the  superficial  area  thus  prodnced  for 
tho  outlet,  tho  way  is  to  multiply  the  number  of  feet,  2512, 
by  the  width  of  the  disc,  3  inches,  that  is,  7536  ;  divide  this 
by  12,  to  reduce  to  feet,  and  the  result  is  628  per  minute.  To 
return  to  the  disc ;  it  was  stated  to  be  12  inches  diameter  and 
3  inches  deep.  A  cylinder  1  foot  high  and  1  foot  in  diameter 
contains  1357  and  a  fraction  culie  inches ;  this  must  be  di- 
vided by  4,  aa  the  disc  is  only  tlie  fourth  of  a  foot  deep,  and 
""     result  will  be  a  little  over  338  inches ;  a  gallon  contains 

277  cubic  inches ;  hence  we  find  that  the  disc  will  hold 
igallon  and  nearly  a  quarter.     So  that,  if  the  disc  throws 

quantity  of  water  from  it  8O0  times  a  minute,  it  dchvers 
'ftidt  space  of  time  1000  gallons. 

Mr.  Appold  states  : — "  From  the  results  of  various  experi- 
ments, it  has  been  found  that  the  loss  of  power  would  not  be 
more  than  thirty  per  cent.  The  centrifugal  force  is  not_  so 
much  in  tho  large  diameter,  on  account  of  the  water  moving 
in  a  straight  line ;  but  that  is  compensated  for  b 
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force  being  applied  to  a  grentor  depth  of  water,  being  5  feot 
in  the  aO-foet,  and  only  3  iacheB  in  the  1-foot.  159  revolu- 
tions with  the  1  -foot  will  raise  the  water  1  foot  higher,  without 
dtBcharging  any;  318  revolutions,  4  feet;  036  revolutiona, 
10  feel;  and  1272  revolutions,  64  feet  high.  The  highest 
elevation  to  which  the  water  has  been  raised  with  the  1-foot 
pnmp  is  67  feet  8  inches,  with  1322  revolutionB  per  minute; 
being  less  than  the  Dalculsted  height,  which  may  be  accounted 
for  by  leakage  with  the  extra  strain. 

"  While  the  1-foot  pmnp  is  raising  8  tons  of  water  5  feet 
6  inches  per  minute,  there  is  no  greater  strain  on  any  part  of 
the  piunp  than  160  lb,  on  the  6-ineh  dnun,  whieh  is  equal  to 
a  leverage  of  3  inches.  It  will  pass  almost  anything  that  ia 
email  enough  to  go  througii,  there  being  no  valves.  A  quan- 
tity of  walnuts  (about  hall'  a  gallon)  were  thrown  into  the 
1-foot  pump  all  at  once,  when  it  was  at  full  speed,  and  they 
passed  through  without  breaking  one." 

There  are  other  methods  of  raising  water,  which,  more  for 
their  ingennity 
than     utility,    we 
may   notice 
One  is  named  the 
"Hom(lmni:"rtc(i 
(fig.  98)  arc  arms 
bent  in  the  manner 
that  gives  the  ap-  ju^^l.^^i^^^_ 
pellation  to  the  ma-  1^^^^^^ 
chine ;  these  form  - 
scoops,  and  radiate  - 

from  a  hollow  asle  - __    __^ .^ 

.  When  the  wheel  ^^^^^^SF^^^^5^^^^ 

setinmotion,the   - 
Booops,  dipping  into  ■     _ 
the  water  6  6,  raise    '^^ 
some  up,  which,  as 
the  wheel  rotates, 
fells   towards    the  Fig.  98, 

hollow  axle,  and,  there  being  holes  in  it,  passes  to  the  middlei 
from  whence  it  flows  into  the  trough  d  rf,  and  is  then  con- 
Teyed  away  os  required.  It  is  to  be  seen  in  operation  on  the 
btmka  of  the  Nile,  one  of  many  such  sights  showing  that  a 


■pic  once  the  soorce  of  cirilization  and  sc 
lipped  by  the  energj-  of  nations  lately  ti 


o  exist-    I 


I^The  Persian  wheel  is  a  modiiication  of  the  preceding  one. 

IB  used  in  running  streams,  and  has  floats  on  one  side,  similar 

Ibttioae  of  the  paddles  of  a  steam- vessel,  by  which  motioa  is 

a.  to  the  wheel.     On  the  wheel  a  a  are  suspended  a  number 

c  (fig.  99),  by  means  of  strong  pins ;  on  the  wheel 


Fig.  99. 
ing  round,  these  descend  into  the  water  ^  ;/,  and  become 
f :  fflkd;  as  ihey  rise, from  swinging  freely  on  the  pins,  theiv  weight 
kiMps  them  in  an  upright  position.  On  reaching  the  trough  ft, 
n  spring  on  the  side  of  the  backet  goes  against  the  edge,  and 
causes  the  bucket  to  empty  itself  into  the  trough,  after  which 
it  falls  into  its  former  position,  and  descends  empty,  to  be 
uguin  refilled.  This  is  an  improvement  on  the  horn  wheel,  as 
lliG'  water  is  raised  nearly  to  the  lop  of  the  wheel,  instead  of 
'  ^  to  the  centre. 

3  is  another  ancient  method,  even  to  this  diiy  found 
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Berviueable  in  particiJar  caaes,  which,  from  its  name,  would 
load  OS  to  date  it  as  fur  back  as  the  lamous  philosopher  Ai'chi- 
medoa,  as  it  is  called  his  screw. 

The  Screw  Pump  is  genei-ally  formed  in  the  foUoving  manner; 
A  cylindrical  shaft  {on  which  the  pump  revolves)  has  one  or 
more  grooves  cut  round  it  in  a  spiral  direction,  into  which  are 
fixed  a  series  of  boards  which  form  the  thread  of  the  scirew ; 
the  outer  edge  of  these  boards  is  sunk  into  spiral  grooves  formed 
into  the  inner  sidQ  of  the  cylindrical  casing ;  the  pump  ia  then 
tightly  secured  with  iron  hoops,  and  fitted  in  a  frume  in 
which  it  revolvea.     The  great  advantage  of  thia  fonn  of  pump 


^1 


Fig  ion 

M  that  it  contama  no  valves  or  moving  ports  and  will  there- 
fore rajsG  witer  contaming  a  latge  quantity  of  sand  or  other 
matenal  held  tn  suspense  w  hich  would  rapidly  wear  lut  yalrcs 
or  prevent  their  acting  properly ,  the  water  being  raised  by  a 
"■mple  lift,  and  not  by  centrifugal  force,  the  pump  can  bo 
orked  efficiently  at  any  speed  (fig.  100). 


UkcaisEB  FOB  Lnrmrs  wateb.  143 


'  to  be  running  trom  the  lower  orifico  of  a  pips 
^iplaeed  vertically,  and  to  be  Buddenljr  stopped  by  tho  instant 
insertion  of  a  plug  or  otlier  contriv&nco,  a  vertain  shock  at  the 
lower  end  of  the  pipe  will  be  Colt ;  and  if  tbe  height  of  the 
pipe  be  great  enough,  the  pipe  in  nil  likelihood  will  be  burst. 
The  reason  of  this  shock  being  sustained  in  this  manner  is, 
that  tho  downward  motion  of  the  water  being  anddenly 
stopped,  and  the  momentum  or  force  of  the  column  of  liquid 
being  very  great,  the  plug  la  atrunk  with  as  much  violence  as 
if  a  solid  bar  of  iron,  of  the  same  height  and  diameter,  were 
falling  at  the  same  velocity  on  the  plug;  this  momentum  of 
the  water,  acting  on  any  body  placed  no  as  to  arrest  a  quick 
flowing  stream,  is  exemplified  in  the  household  water-pipe. 
If  water  ia  allowed  to  flow  through  a  pipe  leading  from  a  cia- 
tem  for  some  time,  and  then  suddenly  stopped  by  turning  the 
stop-cock,  a  shock  ia  sustained,  sufficient  in  some  instances 
to  burst  the  lower  part  of  the  pipe.  This  pressure  of  on 
arrested  flow  of  water  has  been  made  available  for  the  purpose 
of  raiang  water  from  a  low  to  a  high  Icvei ;  the  contrivance 
by  which  this  is  eifected  is  known  as  the  "  water-ram,"  It 
s  invented  by  the  cejebrated  Montgolfier,  though  tho  prin- 
*  I  had  been  previously  explnined  and  exemplified  in  this 
mtiy  by  Professor  Millington.  Suppose  that  a  spring  of  water 
■{^.  101),  or  a  small  stream  placed  at  a  Httle  distance  above 

y  level  of  the  ground  &,  iia  on  the  face  of  a  knoll  of  ■ 


Fig  101 

El  Hll  e  c,  ma  to  waste  through  a  channel  leading  U 
g  off  by  the  level  ground  boneath  it.     Tlie  water  is  con- 


'  fined  in  the  first  place  to  a  pipe  fi  ft,  instead  of  the  open 
eliannel.  This  pipe  eommunioiites  at  the  lower  level  b'  wiUi  a 
horizontal  pipe  or  chamber  c,  at  the  end  of  which  is  placed  a 
vaire ;  thia  valve,  when  drawn  upwards,  effectiially  closes  the 
aperture  thi'ough  whieh  the  water  escapoa  when  the  valve  is 
down.  The  valve  e  is  made  so  heavy,  or  weighted  by  small 
weights,  that  the  stream  hna  to  run  Bome  time  to  acquire  suf- 
ficient foroe  or  momentum  to  shut  it.  As  eoon  aa  the  valve  is 
closed  by  the  force  of  the  d<»cending  water,  the  water  pasaes 
np  the  tube  /,  in  which  there  is  a  valve  opening  upwards ;  the 
water  in  the  main  pipe,  in  consequence  of  the  quantity  passing 
into  the  chamber  d,  becomes  stagmint,  and  allows  the  'ralve  to 
fall,  by  which  a  portion  of  the  water  traia  the  stream  escapes. 
Aa  soon  as  the  water  acquires  sufficient  momentum  from  flow- 
ing through  the  valve- aperture,  it  shuts  the  valve,  and  a 
portion  of  the  water  is  sent  up  the  pipe/,  and  into  the  round 
air-vessel,  from  which  it  is  sent  in  a  continuous  stream,  and  is 
prevented  returning  by  means  of  a  valve.  Thus,  if  we  sup- 
pose the  stream  in  fig. 
101  to  be  situated  on 
the  face  of  a  hill  or 
cliff,  beneath  a  dwell- 
ing-house, a  portion 
of  the  water  eoold  be 
sent  up  for  household 
purposes  by  the  pipe/. 
In  fig.  102  we  give  an 
illustration  of  the  im- 
proved form  of  water- 
ram  now  fitted  up,  in 
numerous  instances 
by  aa  hydraulic  en- 
gineer, for  the  supply 

■  of  water  to  houses, 
ifcc.  situated  as  above. 
is  the  pipe  leading 
from   the    source    of 

supply  to  the  escape-  _^       . 

valve,    opening    and      "  ^J 

abutting  at  intervals, 

as  desciibed ;  c  the  passage  to  tho  ralvo  r',  ^vhich  o\  ens  inwards, 


diaLv 

bridgi 


the  play  of  which  is  regulated  by  meana  of  the  s 
Qia  diagram ;  d  the  pipe  loading  to  the  ei^uaiizing  air-vesBel 
e  «,  from  which  the  water  passes  up  to  the  place  of  delivery 
by  the  pipe  //.  As  the  wat«r  in  the  air-vessel  ia  found  in 
process  of  time  to  absorb  the  air  contained  ia  the  vessel,  the 
Vorking  of  the  apparatus  ia  prevented  by  the  want  of  the  elaa- 
ddty  necessary;  this  difficulty  is  obviated  by  applying  to  the 
air-vessel  a  contrivance  called  "  a  snifting  valve,"  which  admits 
a  certain  quantity  of  air  at  every  stroke. 

Before  leaving  this  subject,  we  would  notice  that  if  a  stream 
of  wdter  2  inches  wide  were  allowed  for  one  second  to  flow 
down  a  pipe  30  feet  long,  having  a  slope  of  6  feet,  upon  the 
forward  pressure  being  arrested  by  a  stop-cock,  the  momentum 
it  would  have  acquired  would  drive  half  a  pint  of  water  up  a 
pipe  40  feet  high.  This  operation  of  closing  tho  tap  or  valve 
every  second,  on  the  above  scale,  would  raise  3  gallons  6  pints 
in  OQO  lainate.  A  knowledge  of  this  principle  led  au  inge- 
nious gentleman,  Mr.  Armstrong,  to  erect  and  work  cranes  at 
Newcastle-upon-Tyne  by  the  pressure  of  the  water  in  the 
common  pipes  that  supplied  the  houses  of  the  town.  The 
machinery  is  below  the  suriace  of  the  street,  therefore  both 
out  of  the  wayand  hidden  &om  sight  or  accidente.  There  is  a 
ith  handles  or  indicators  communicating  with  valves,  to 
r^ulate  the  pressure  of  the  watei  below,  by  which  the  raising, 
'  'Bring,  or  stopping  of  the  machine  is  managed  with  the 
iteat  facility,  The  simplicity,  power,  and  cheapness  of 
le  hydraulic  cranes  have  met  with  general  approval. 
It  is  related  that  a  farmer  who  lived  near  a  river  where  a 
"idgo  was  much  needed,  requiring  water  to  irrigate  his  land, 
hit  upon  the  folluwing  expedient; — He  built  a  bridge  that 
moved  on  a  central  axis,  and  divided  it  into  two  longitudinal 
eootions,  that  ia,  through  the  middle  of  the  roadway ;  and 
each  part  was  so  balanced,  that  when  one  end  was  down  the 
other  was  raised.  When  a  traveller  came  to  the  bridge,  he 
was  Buro  to  find  one  of  the  sections  on  a  level  with  the  road 
and  tho  other  raised;  of  course  he  walkod  on  to  that  which 
was  level,  and  after  passing  tho  centre  his  weight  brought  the 
other  end  down,  and  raised  that  on  which  he  first  stepped. 
To  the  ends  of  the  bridge  were  afftxed  pumps,  and  this  a  " 
'  rning  and  falling  pumped  the  water  into  his  rt 
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Fig.  103. 
CHA.PTEE  Vr. 

PNEUMATICS. 
The  businees  of  this  portion  of  our  work  la  to  treat  of  the 
mechanical  properties  of  elastic  or  aeriform  fluids,  as  to  their 
weight,  density,  compressibility,   and   elasticity  —  the  word 
pneumatics  being  derived  from  the  Greek  word  piiotma,  breath 

Nature  of  Aeriform  Bodies. 

Aeriform  bodies,  elastic  fl-uids  or  jjascs,  constitute  a  very  di- 
Btinot  fona  of  matter.  SoHds  are  distinguished  by  a  strong 
attraction  of  aggregation,  which  keeps  them  together  in  a  Ann 
maas.  In  liquids,  also  called  non-elastie  fluids,  this  force  is 
so  much  weakened,  that  the  particles  slide  freely  over  one 
another,  and  spread  iadefiaitely  in  a  horiamtal  direedon. 

Between  solids  and  liquids  there  are  many  intermediate 
Etepe,  as  of  soft  and  viscid  substances;  but  between  liquids 
and  gases  there  are  no  such  gradations.  The  transition  is 
Budden  from  one  to  the  other.  Between  the  particles  of  a  gaa 
or  vapour  there  is  little  attraction  of  any  kind— rathor  repul- 
sion. The  approximation  of  such  atoms  depends  more  upon 
pressure  and  weight,  either  of  themselves  or  sarrounding 
matter,  tiion  on  any  mutual  attraction. 

A  gas  or  vapour  moves  freely  in  all  directions.     It  io  elastic. 
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distiiiguished  bj  the  two  properties  of  expansibility  and 
^^Ott^reitihiUtij.  ItexpendB  in  aJ]  directions,  and  enlarges  just 
in  proportion  as  the  pressiire  upon  it  is  removed.  It  may  be 
oompressed  to  ahnost  any  bulk,  by  on  increase  of  that  pressure. 
Aeriform  bodies  are  transparent,  generally  tMlourleGB,  of 
extoeme  tenacity  and  low  density,  consequently  invisiblo. 
There  are  three  groups  of  them  which  differ  in  a  marked 
manner  in  their  physical  properties.  (1)  Air,  and  the  two 
chief  gases  which  compose  it,  are  perfectly  elastic,  and  cannot 
be  made  to  assume  the  fluid  statfi  by  any  degree  of  pressure. 
Their  bulk  is  in  inverse  ratio  to  this  pressure.  (2)  Others, 
as  carbonic  acid  gas  and  chlorine,  are  reduced  to  the  liquid 
state  by  great  pressure  or  an  extreme  degree  of  cold.  (3)  The 
third  group  is  that  of  vapours  (as  steam ),  which  at  the  ordinary 
temperature  and  pressure  of  the  atmosphere  are  liquid,  bnt 
become  gaseous,  and  exhibit  the  properties  of  gases  when  sub- 
jected to  a  certain  increase  of  temperature  or  diminution  of 


The  Atmospher 


This  is  that  aerial  fluid,  together  with  its  clouds  and  vapours, 
in  which  man,  animals,  and  vegetables  exist.  Air  is  so  light 
and  thin,  that  when  at  rest  it  cannot  be  felt ;  so  transparent, 
that  it  cannot  be  seen.  That  air  is  a  substance  may  be  heard 
when  a  switch  is  passed  rapidly  through  it,  or  a  storm  howls. 
It  is  felt  in  moving  a  fan  ;  its  effects  aro  seen  in  the  current 
Uowing  about  dust  or  leaves,  and  the  hurricane  prostrating 
trees — in  the  whirling  windmill,  and  the  soils  of  the  stately 
vessel — in  the  rapidly-ascending  smoke,  which  rushes  aloft  like 
a  light  stick  from  the  bottom  to  the  surface  of  water — in  the 
soaring  eagle,  susttuned  by  it  in  his  aerial  flight,  and  in  the 
balloon,  ascending  above  the  clouds,  or  driven  along  by  its 
durents.  Man  breathes  it  about  twenty  times  every  minute, 
or  1200  times  in  an  hour;  in  quantity,  about  13  pints  a 
minute,  or  1067  per  hour,  or  57  hogsheads  1  gallon  7  pints  in 
a  day.  Without  it  in  a  pure  state,  he  would  die ;  for  it  keeps 
the  machinery  of  his  system  in  action,  gives  the  vital  princi^c^ 
to  his  blood,  and  warmth  to  his  body.  This  applies  alike  t 
muma]  and  vegetable  creation;  were  there  no  air,  existence  must' 
The  vegetable  kii^dom  spreads  forth  its  ddicate 
leaves,  to  breathe  that  portion  of  air  rejected  by  man. 


and  giTCfl  out,  in  the  wonderful  economy  of  nature,  that  por- 
tion beneficial  to  animal  lite.  Thus  is  there  inccsaantly  going 
on  an  interchange  of  matter  to  suit  each  peculiar  condition  of 
creation. 

If  a  Teasel  cspabto  of  holding  a  cubic  foot  of  ^  bo  emptied 
by  means  of  an  air-pump,  it  will  be  found  to  weigh  535 
grains  less  tban  when  filled  with  air ;  tho  same  vessel  Mod 
with  water,  will  weigh  nearly  1000  ouncea.  Therefore,  as 
635  grains  are  little  more  than  an  ounce,  a  cubic  foot  of 
water  weighs  about  814  tinaes  more  than  a  cubic  foot  of  air. 
In  calculating  the  specific  g^vity  of  air  or  gas,  1000  parts  of 
common  atmospheric  air  aro  taken  as  the  standard. 

One  thousand  parte  of  atmospheric  air,  on  an  average,  con- 
BlBt  of — 


14  parts. 


i.  I 
Oij-gen     .        .        JW     „       I 

And  the  speu£c  gravity  of  these  gases, 
1000  (and  giving  in  place  of  the  aqueous  vapour 
components,  hydrogen),  is  as  follows : — 


Atmospheric  air  is  not  a  chemical  compound,  but  a  mixture 
in  which  the  carbonic  acid  and  aqueous  vapoiir  are  merely  acci- 
dental, not  constituent  parts,  occurring  in  different  quantities 
at  different  times. 

Among  the  fifty  or  sixty  elementary  substances  now  known, 
Ihe  two  chief  gases  of  the  atmosphere,  in  various  combina- 
tions, act  a  most  important  part,  which  will  excuse  our  digress- 
ing by  naming  some  of  the  substances  constituted  by  them. 

O^gen  combined  with  hydrogen  forms  water ;  if  an  electrio 
current  be  passed  through  water,  it  is  resolved  into  its  gaseous 
elements  hydrogen  and  oxygen,  which  may  be  collected  in 
separate  utensils.  If  these  gases  are  once  more  mised,  and  a 
spark  of  electricity  sent  through  thom,  a  loud  report  ensues, 
and  they  have  again  become  water.  The  proportion  in  water 
is  8  of  oxygen  to  1  of  hydrogen.  'When  oxygen  is  abstracted 
from  atmospheric  air,  animal  life  ceases ;  without  it  respiration 
cannot  go  on,  nor  will  fire  l)um ;  it  is  found  in  the  ocean,  the 
air,  and  in  most  solid  substances.  Oxygen  and  nitrogen,  in 
<inoas  proportions,  form  atmospheric  air,  laughing  gas,  and 


afortia ;  with  sulphur,  oxygea  forms  sulphuric  acid  or  oil  of  '^ 
friol;  with  carbon,  carbonic  and  oxalic  acids;  with  lead,  it 
I  red-lend ;    with,  metals,  it  forma  certain  compounds, 
I  oxides,  dry,  earthj-looking  powders,  with  entirely  dif- 
mt  properties. 

Nitrogm  constitutes  about  three-fourths  of  the  atmosphere, 
i  one-fourth  of  auimal  fleah. 
iffydrogen  is  the  lightest  of  the  gases:  combined  with.  J 
■(ogen  it  forma  ammonia;  with  carbon  street  gas;  and  when-' 
certain  proportions  with  the  air  that  issues  Irom  thff 
fissures  in  eoal  mines,  becomes  highly  explosive,  and  being  acci- 
dentally ignited  is  often  the  cause  of  many  lamentable  accidents. 
Carbonic  add,  formed  of  carbon  and  oxygen,  is  more  than 
one-half  us  heavy  again  aa  atraospherie  air,  and  may  be  poured 
£rora  one  vessel  to  another.  To  breathe  it  is  instant  death;  it 
ia  produced  from  burning  charcoal.  It  collects  in  brewers' 
vats,  and  has  been  the  cause  of  many  fatal  accidents.  It  is 
the  gas  which  makes  soda-water,  ale,  &c.  sparkling  and  brisk. 

Oxygon,  hydrogen,  and  carbon  form  alcohol,  starch,  sugar, 
and  many  vegetable  productions.    Oxygen,  nitrogen,  hydrogen, 
d  earbon,  constitute  albumen,  fibrine,  gelatine,  &c.  of  which 
Js  are  formed, 
a  gaaeons  body  possesses,  in  common  with  all  matterj 

fabilUyi  no  other  body  can 
y  the  pliuie  it  fills.  If  we  take 
a  glass  vessel,  and  invert  it  in  water, 
we  shall  find  that  the  water  will  not 
rise  into  it  l)eyond  a  certain  very 
timited  space  (fig.  104).  The  air, 
being  rfastie,  may  be  compressed,  but, 
the  preseure  bemg  removed,  it  will 
immediately  occupy  its  original  space. 
The  elasticity  of  the  air  may  be  proved 
by  confining  air  in  a  bent  tnbe  (fip. 
105),  and  loading  one  arm  with  dif- 
ferent weights  of  mercury.  The 
f^MOOS  into  which  the  air  will  bo  com- 
pressed will  be  found  (o  be  invcri^cly  | 
those  weights.  Those  weigl 
fBVTH  tile  elMticity  of  the  air,  and  Fig.  IM. 

ethe  taie  of  Ma'riotte,  that  the  elasticities  arc  inversely  ai 


I 
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the  spaces  which  the  air  occupies :  thp  densities  being  inrersely 
OS  those  spaces,  the  elastie-ity  of  the  ur  is  directly  as  its 
deiuity. 

A  volume  of  air  occupying  100  moasures,  when  compressed 
with  a  force  of  one  pound,  will  be  diminished  lo  50  measures 
when  tho  pressure  is  doubled,  and  expand  to  200 
moasures  if  the  weight  is  reduced  to  half  a  pound. 
This  law  was  first  observed  by  Boyle,  and  more 
fully  demonstrated  by  Mariotte.  Subsequent  ex- 
periments by  (Erated  extended  lo  air  compressed 
nith  B  force  equal  to  110  atmospheres,  or  1540 
pounds  on  every  square  inch,  and  tho  law  is  found 
to  continue  to  this  point, — from  which  we  may 
fairly  infer  it  lo  bo  general.  Numerona  experi- 
ments havo  been  made  with  a  view  to  compress 
atmospheric  air  into  a  liquid  form  ;  hut  althoogh 
many  other  gases  havo  been  thus  condensed,  no 
such  result  has  hitherto  been  obtained.  Mr.  Per-  ^S'  ^^^ 
kins  stated  that,  under  a  pressure  equal  to  2000  atmospheres, 
he  had  succeeded  in  reducing  air  to  a  liquid ;  but  there  is 
reason  for  believing  that  the  fluid  obtained  was  no  other  than 
water  sepanited  from  the  air  under  eompresaon. 

The  elagfieiti/  of  air  may  be  seen  by  pressing  a  bladder 
which  is  filled  with  it ;  the  bladder  thus  pressed  will  give  way 
under  the  weigjit,  but  upon  being  relieved  it  will  immediately 
rcauine  its  former  bnllt. 

If  the  piston  of  a  common  syringe  be  forced  down  when 
the  pipe  is  stopped,  the  air  will  be  eompreaaed ;  on  removing 
tho  preasnre,  the  piston  ia  forced  back  again.  Air  can  thus  he 
compressed  into  about  100th  of  its  usual  space.  K  the  pipe 
be  still  stopped,  and  the  piston  drawn  up,  then  the  air  expai^ 
by  becoming  less  dense. 

The  truths  of  science  were  often  demonstrated  to  tho  vulgar 
as  mere  toj-s,  to  excite  the  wonder  of  ■'  children  of  a  lai^er 
growth."     Amongst  those,  we  know  of  none  more  appropriate 

our  present  theme  than  the  little  balloon  floating  in  a  glaaa, 

r  nearly  filled  with  water.     The  balloon  is  formed  of  f^ass> 
hollow,  having  a  hole  at  tho  narrow  end,  from  whence  is  hung 
By  placing  it  in  water  it  floats,  half  appearing  above 
BurfaCB.      Water  is  poured  into    the  balloon  until  the 
0  gravity  of  the  little  t-oy  is  nearly  that  of  water,  and  it 


floats  in  its  liquid  bath  about  midway.  The  jar  is  next 
(3t»ely  covered  witli  a  piece  of  parehmeat,  india-mbbar,  or 
gatte  ppicha.  On  pressing  this  covering  with  the  haad,  the 
balloon  descends  :  for  the  air  being  compressed,  forces  more 
water  into  the  balloon,  and  causes  it  to  sink.  When  the  press- 
ore  is  taken  off,  the  air  in,  the  jar  regains  its  former  apace  by 
its  elasticity ;  and  as  the  air  in  the  balloon  follows  this  law 
also,  it  forces  out  the  additional  water,  and  ascends  to  its  former 
positioa.  Thus,  with  the  hand  on  the  top  of  the  jar,  the 
balloon  may  be  made  to  rise  or  fall  at  the  word  of  command, 
without,  to  the  uninitiated,  any  apparent  power  to  influence 
it.  Should  the  balloon,  however,  in  the  experiment  be  forced 
down  until  it  reaches  lie  bottom  of  the  jar,  it  remains  there 
from  the  superincumbent  weight  of  water  overcoming  the 
elastic  power  of  the  air  contained  in  ~ 

it :  but  by  tilting  the  jar  on  one  side, 
and  thus  lessening  the  weight  of 
wat«r.  its  first  position  is  recovered. 

This  toj  exemplifies  the  elasticity 
of  air ;  as  on  the  pressure  being  re- 
the  air  resumes  its  previous 
also  that  air  is  a  substance,  f 
capable  of  compression ;  and  e 
balloon  fioats  from  having  air  i 
tiiat  it  is  light ;  it  illustrates  fluid 
support,  pressure  in  all  direotions,  and 
preaanre  as  to  depth;  for  the  lower 
tiie  little  machine  sinks,  the  lighter  is 
■"*■"  preBSoro  required  on  the  covering 
■    jar. 

ingst  other  such  little  contri- 
fountain  or  jf(  d'eau  of 
I,  which  illustrates  the  elasticity 
'Air.  The  annexed  figure  will  ex- 
the  rationale  of  tiie  operation 
s  elegant  toy.  A  vessel  or  mr- 
tight  box  a  a  (fig.  106)  is  supphed 
witii  water  from  the  box  6  ;  a  pipe 
9  a  to  near  the  top  of  another  " 
descending  &om  b  forces 

"  the  water  in  //,  forcce  it  out  by  the  p 


Fig.  106- 
c  leads  from  the  top  of 
//,  made  air-tight. 
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Fig.  lOTshowB  one  of  the  many  devices  for  making  this 
philosophic  toy  ornamental.  The 
■wator  is  placed  in  a  vessel  a,  in  a 
hollow  stand  B,  and  a  emnll  pipe  o 
proeeeda  from  tiie  vessel  of  water  np 
a,  hollow  tube  a.  Waf«r  is  then 
poured  into  the  ornamental  basin  e, 
upon  which  it  forces  its  way  down 
the  tube  n,  and  pressing  upon  the 
air  in  B,  the  water  in  a  rushes  up 
the  pipe  c,  and  forms  a  beantiful  jet 
of  water.  As  the  pressure  is  pro- 
duced by  the  water  in  d,  whatever 
length  that  tube  is,  such  wiU  be  the 
height  of  the  jet.  Upon  tJi«  water 
becoming  exhausted  frem  a,  that 
which  has  fallen  from  e  to  b  ia  re- 
moved, and  A  and  e  being  replenished 
as  at  first,  the  action  of  the  fountain 
la  again  commenced. 

The  air  lies,  as  it  were,  in  strata, 
from  the  earth  upwards,  the  lowest 
stratum  being  the  most  dense ;  as  in 
a  pile  of  wool,  that  nearest  the  ground 
ia  more  pressed  than  that  a.bove  it, 
and  gradually  becomes  less  nnd  less 
compressed  as  it  ncars  the  top. 
curious  philosophical  fact  results  from 
this  density  of  atmosphere,  which  if 
in  causing  the  rays  of  light  to-  be  bent 
as  they  approach  the  earth  ;  thus  they  s 
bent  aa  the  atmosphere  becomes  more  and  more  dense.  From 
thia  circumstance  calculations  have  been  made  that  the  atmo- 
sphere does  not  extend  farther  than  forty  or  fifty  miles  above 
the  aurface  of  the  earth  ;  but  its  exact  distance  is  unknown. 
That  air  must  expand  greatly,  and  consequently  extend  far, 
may  be  readily  conceived,  as  by  experiment  it  is  found  to 
possess  considerable  elasticity  when  only  a  thousandth  part  of 
its  former  bulk  is  left  to  occupy  a  certain  space. 

Air.  like  other  fluids,  is  most  dense  at  the  lowest  stratnm, 
which  is  tJie  level  of  the  sea,  as  water  is  more  dense  the  lower 


we  deecund  in  it.  At  the  heiglit  of  three  mileB,  that  is  the 
ftummit  of  Mont  Blanc,  the  air  is  found  to  be  onlj  one-half  aa 
£e  aa  at  the  level  of  the  sea  ;  hence  when  a  human  being 
Ives  tttere,  although  hia  chsat  is  fully  expanded,  yet  the 
intity  of  air  being  only  one-half  that  whidi  he  has  been 
WJCUfitomed  to  breathe,  he  may  feel  greatly  incommoded. 
At  MX  miles  elevation  the  air  is  only  one-fourth  the  denai^ 
of  common  air  on  the  earth's  stirface,  and  at  nine  nules  only 
one-eighth.  The  "  blue  ethereal  sky"  of  the  poet  owes  ita 
ddicatc  Unt  to  the  atmosphere,  and  the  clearer  it  is  from  clouds 
and  vapour  the  more  intfflise  and  beautifol  is  the  colour.  When 
Gay-Lussac  ascended  in  a  balloon  to  the  height  of  21.000  feet, 
nearly  four  miles,  he  found  as  he  rose  the  blue  gradually  lessen, 
and  a  solemn,  awftil,  black  vault  gradually  presenting  itself. 
The  atmosphere  holds  suspended  in  it  clouds  and  vapours, 
which,  like  tnillt  or  mud  in  pure  water,  float  about  and  are 
moved  by  the  various  currents,  These  congeal  into  mist,  rain, 
dew,  snow,  and  hail.  When  the  temperature  of  the  atmosphere 
is  high,  moisture  is  absorbed ;  when  lowered,  it  falls  in  the 
form  of  dew,  rain,  or  snow.     It  has  been  ascertained  that  the  i 

PBtinoaphere  can  never  hold  more  vapour  than  would  suffice  for,  ^^J 
Etc  or  seven  inches  of  rain  to  fall  at  one  time.  ^^H 

1  Atmospheric  Pi-cssure.  ^^^H 

Air  or  gas,  like  other  fluida.  presses  equally  in  all  directions,  T 
OB  may  be  felt  in  pressing  upon  a  bladder  of  air,  or  filling  a 
hydrostatic  bellows  with  it  instt^ad  of  water.  When  the  gaao- 
jnbter  of  a  town  is  allowed  to  have  additional  pressure  upon 
it,  the  lights  in  all  direetiona  surldcnly  start  into  a  largo  llama, 
showing  that  the  pressure  is  equal  in  all  parts. 

If  a  drinking-glass  were  covered  by  some  such  substance  as 
a  piece  of  bladder  or  thin  india-rubber,  and  tho  air  drawn  out, 
a  spring  placed  underneath  would  show  that  the  weight  press- 
ing upon  the  covering  was  equ^  to  15  lbs,  on  every  square 
inch  of  surface.  If  the  covering  were  not  supported,  it  would 
burst  inward  with  a  loud  noise.  The  same  experiment  tried 
on  the  top  of  a  high  building  would  show  that  the  pressure 
WBfl  not  quite  so  great  there  as  o-n  the  ground,  and  as  a  greater 
devation  is  attained,  the  pressure  gradually  lessens.     Thus  a 

ttxaa  of  atmospheric  nir  an  inch  square  pressing  on  Qu 

6  of  the  earth  is  found  to  weigh  15  lbs.,  while  a  oatni 
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<^  it  is  in  denmty  or  weight  a  little  more  than  aa  ounce.  A 
cubic  inch  of  air  one  mile  hig-h  weighs  a  little  over  43  ounces ; 
and  the  weight  of  15  lbs.,  of  the  same  deneitj  as  at  the  surface, 
gives  a  column  of  air  a  little  more  than  5  nules  in  h^ght.  In 
drawing  up  the  air-tight  piston  of  a  closed  syringe,  it  requires 
a  force  of  15  lbs.  to  every  square  inch  of  surface  of  the  piaton, 
this  force  being  necessary  to  overcome  tho  resistance  offered 
by  the  pressure  of  the  atmosphere  outside. 

The  air,  then,  presses  with  s  weight  of  15  lbs.  on  each  inch 
of  enrfftce  on  everything  upon  the  earth ;  and  as  the  average 
euT&ce  of  a  man's  body  is  estimated  at  about  2000  square 
inches,  he  bears  a  weight  of  upwards  of  30,000  lbs.,  or  about 
13  tons.  This  weight  would  crush  the  human  frame  and  pre- 
vent him  from  moving  about,  were  it  not  for  the  law  that  the 
pressure  of  air  is  equd  in  all  direutione ;  the  force  of  the  out- 
6iide  pressure  is  equalized  by  the  air  contained  within  the  body, 
and  fining  up  all  empty  spaces.  For  a  similar  reason,  a  man 
who  can  scarcely  carry  a  pail  of  water  on  his  head,  would  not 
be  crushed  though  he  walked  at  Uxb  bottom  of  the  sea.  This 
pressure  in  all  directions  keeps  things  in  their  places ;  were  it 
poesihle  to  empty  a  room  of  all  the  air  it  contained,  the  great 
pressure  of  the  aii  would  cause 
the  walla  and  the  roof  to  fall 
inwards.  There  are  many  simple 
but  striking  experiments  by 
which  the  weight  of  the  atmo- 
sphere may  bo  illustrated ;  one 
is  that  of  the  Magdeburg  Ht- 
misphcra : — 

In  1654,  Otto  von  Guericke, 
burgomaster  of  Magdebui^, 
publicly  illustrated  the  pressure 
of  air  on  solids.  He  made  two 
close-fitting  cups  orhemispheres 
a,  b  (fig.  108),  one  foot  in  dia- 
meter, which  he  filled  with 
water ;  then  unscrewing  the 
handle  d  off  one  of  them,  which 
communicated  to  the  interior  b 
B  hole,  having  a  stop-cock  c,  h 
iped  the  water  out;    afte 


^L  communica 

^^^■b  hole,  havi 
^^^^omped  tb 


athospsehic  prbssuss. 

loich  be  screwod  the  handle  on  agnin.  This  he  presented  sfr-' 
'r'jniblio  exhibition,  when  the  emperor  had  six  of  hia  carriage- 
boTBea  attached  (by  chains  or  ropes,  as  e  «)  to  the  hemispheres, 
but  their  strength  could  not  pull  them  asunder.  The  resist- 
ance of  Ihe  uir  was  15 lbs.  oE  each  square  inch;  yet  when  the 
stop-cock  was  turned  and  the  air  adnoittod,  their  separation. 
was  simple  and  easy. 

Another  interesting  example  of  atmo- 
spheric presBurc.  is  to  fill  a  wine-glass 
with  water,  and,  having  placed  a  card 
overit,  to  invert  it  cautiously; — the 
may  now  be  held  as  in  fig.  106 
water  having  no  support  but  that  which 
it  receives  from  the  pressure  of  the  atmo- 
ap*ere,  without  any  being  spillei. 

Boys  are  in  the  habit  of  amusing  them- 
Belves  by  making  out  of  a  round  piece  of  - 
leather  a  wet  sucktr  or  cleaver  ;  to  the 
centre  part  a  cord  is  attached,  wMch  they  press  upon  a  st«ne, 
and,  pulling  the  cord,  if  the  stone  be  loose  and  not  too  heavy, 
titsy  can  lift  and  carry  it  about.    There  being  no  air  below,  tha 
leather  is  kept  in  its  place  with  a  force  equal  to  15 11 
square  inch  of  the  surface  of  the  sncker    and  will  lift  a  stonsl 
in  accordance  with  this  power 

On  this  principlo,  that  of  sh  t 
and  having  its  pressure 
on  another,  arises  the 
power  of  dies,  and  some 
other  insects,  to  walk  on 
ceilings  and  the  upright 
glass  of  windows.  Fig. 
110  is  a  greatly  magni- 
fied view  of  the  sucker 
attached  to  the  nnder 
surface  of  the  boose- 
fly's  foot,  The  construc- 
tion of  their  feet  allows 
of  a  ready  formation  of 
Slickers,  and  power  at 
will  of  admitting  the  air 
a  fly,  when  walking,  in 


Fig.  110. 

to  relieve  them :  it  is  estimated  tbat 
the  COUTBC  of  a  minute  performs  this 


1S6"  PiniTTIIATtCS. 

opei-ation  10,000  times.  The  fishea  called  by  the  poor  living 
at  the  sea-shore  •'  clockera,"  adhere  to  rocks  by  a.  eucker  on 
the  underpsrt  <if  thoir  bodies,  and  when  the  tide  has  receded 
send  forth  a  sound  causing  tho  uninitiated  to  searcli  for  a  hen 
desirous  of  laying  eggs,  instead  of  which  they  discoyer  a  fish 
dinging  to  the  rocks.  Snails,  periwinkles,  and  limpets  possess 
this  property. 

The  small  black  spot  is  intended  to  show  the  natarol  size  of 
the  fly's  foot. 

Tho  Atmospherie  Clock  is  a  valuable  appKcation  to  a  purpose 
of  utility  of  the  simplest  of  nil  natural  laws.  This  clock  pos- 
sesses no  mechanism,  hut  indicates  the  hour  by  the  regular 
descent  of  a  column  of  mercury,  and  might,  therefore,  with 
equal  propriety,  be  called  the  gravitating  clock.  There  are 
two  glass  tuhes,  one  within  the  other.  The  inner  tube  con- 
tains the  mercury,  and  also  atmospheric  air.  At  each  end  this 
inner  tube  communicates  by  a  amal!  oriflee  with  the  outer 
tube,  and  consequently  the  mercury  in  its  descent  has  to 
force  the  air  out  of  the  inner  tube  to  the  outer,  and  thus  its 
rate  of  descent  is  regulated.  This  air  cscapeB  by  the  small 
orifice  at  the  end  of  the  tube,  passes  into  tho  outer  tube,  and 
again  ascends  in  it.  When  it  reaches  the  top  of  the  outer  tube, 
it  enters  the  small  end  of  the  inner  tube,  and  thus,  as  fast  aa 
the  air  is  forced  out  below,  it  ent^iis  above.  This  clock  is  in 
no  way  influenced,  or  certainly  not  to  any  appreciable  extent, 
by  the  external  air,  as  the  outer  tube  is  hermetically  sealed. 
The  gravitation  of  the  mercury  and  the  resistance  of  the  air  in 
passing  through  the  orifice  determine  the  rate  of  motion,  and 
the  division  of  the  scale  of  hours  is,  of  course,  in  accordance 
with  it.  It  is  not  only  an  instructive  toy,  but  a  reaUy  useftil 
invention. 

Efffa  of  Atniospherie  Pressure  on  iJte  Bolling-poini  of  Water. 
Every  thing  on  earth,  liquid  and  solid,  is  compressed  by  the 
atmosphere,  and  kept  in  its  position  and  form  ;  were  this 
pressure  removed,  things  would  assume  different  forms,  and 
many  become  gaseous,  as  is  the  case  with  other  and  alcohol. 
To  overcome  this  atmospheric  pressure,  and  separate  the  atoms 
of  matter  in  many  Suida,  man  applies  heat,  and  it  is  necessary 
o  note  the  various  degrees  of  heat  required  to  be  applied  to 
difierent  fluids  to  raise  them  to  what  is  termed  the  boiling- 


point.  At  the  earth's  Burfcce,  that  is,  whero  the  mercury  in  a 
barometer  stands  at  30  incbtfs,  the  boat  inquired  to  boil 
ether  would  be  by  Fahrenheit's  thermometer  190  degrees,  to 
bml  alcohol  174  degrees,  water  212  degrees,  oil  and  tallow 
600  degrees,  nnd  mercary  650  degrees.  By  ascending  a  moun- 
tain the  pressure  of  the  atmosphere  is  lessened,  and  consc' 
quently  less  heat  ia  required;  for  instance,  at  Quito,  10,000 
feet  above  the  level  of  the  sea,  water  boils  at  194  degrees,  and 
on  Mont  Blanc  only  180  degrees  of  heat  are  nBceaeary  to  boil 
water,  nnd  by  this  test  the  actaal  height  from  the  level  of  the 
8oa  may  bo  ascertained ;  while  in  a  diving-bell  68  feet  deep 
ia  water  it  requires  a  heat  of  272  degrees  to  maie  water 
boil. 

The  experiment  of  boiling  fl.iiids  freed  from  the  weight  of 
the  air  has  been  tested  by  menus  of  the  air-pump,  when  it 
waa  found  that  water  would  boil  at  a  less  temperatnre  than 
blood-heat  by  three  degrees,  and  ether  when  sis  degrees  above 
the  freuring-point  of  water,  TLia  fact  bas,  like  most  scientific 
knowledge,  been  rendered  serviceable  to  man,  moat  remark- 
ably BO  in  the  distilling  of  drugs  and  the  refining  of  sugar. 
By  reducing  the  prefleure  of  air,  the  pure  medicinal  properties 
of  one  have  been  preserved ;  in  the  other,  a  saving  of  material 
and  superiority  of  quality. 

Dr.  Papin,  crossing  tiie  Great  St.  Bernard,  stopped  at  its 
lamoUB  monastery,  when  the  monks,  desirous  of  showing  their 
hospitality,  asked  bim  if  he  had  any  preference  as  to  the  mode 
in  which  bis  food  was  cooked,  when  he  replied  that  he  pre- 
ferred boiled  to  roasted  meat.  The  brethren  informed  him 
that  in  tbia  particular  they  were  sorry  they  could  not  oblige 
him,  as  they  found  that  meat  could  not  be  boiled  properly  at 
such  an  elevation.  The  doctor,  returning  to  Paris,  pondered 
over  the  subject,  and  the  result  waa  the  invention  of  his  famed 
digester.  One  of  these  digesters  he  had  the  satisfaction  of 
presenting  on  another  visit  to  the  monastery,  much  to  the 
delight  of  the  pious  fraternity. 

Tiie  reason  of  this  difficulty  in  cookery  waa,  that  the  small 
amount  of  heat  required  to  boil  water  at  such  an  elevation  was 
not  sufficient  to  perform  the  necessary  cooking  operation,  and 
the  me-at  consequently  was  raw.  The  digester  does  not  allow 
'  e  steam  to  escape,  and  heat  is  accumulated  until  even  bones 

a  dissolved.    Por  the  sake  of  safety  Papin  adopted  a  valve 
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to  hia  inrentios,  so  that  it  opened  when  the  prwsare  of  the 
Bteam  was  likely  to  bo  too  power&l  for  the  iron  of  which  the 
veaael  was  ponBtmcted. 

By  removing  the  pressure  of  the  atmoaphore,  we  may  make 
water  boil  in  a  botUo  on  placing  it  in  a  vessel  of  cold  water. 
This  is  effooted  by  pouring  a  little  water  into  a  Florence  flask 
and  holding  it  over  a  spirit-lamp  until  it  boils ;  when  the 
steam  is  briskly  issuing  from  the  uock  of  the  flask,  uork  it 
tightly,  and  remove  it  from  the  iamp.  The  action  of  boiling 
will  then  have  ceased,  but  on  placing  the  flask  in  cold  water 
we  condense  the  steam  and  cause  a  vacuum,  so  that  the  !i<]nid 
will  boil  with  great  rapidity;  remove  it  from  the  cold  water 
to  the  lamp,  the  boihng  ceases  ;  place  it  again  in  the  eolA 
water,  and  it  again  boils. 

The  cold  water  con- 
denaoB  the  steam,  and 
from  the  vacuum  pro- 
duced the  water  boils; 
when  placed  over  the 
lamp  the  Sask  is  filled 
with  steam,  there  is  no 
vacuum,  and  the  water 
no  longer  boils,  being 
prevented  by  the  press- 
ure. 

Common  Water  Pump. 
If  wo  take  a  straw, 
place  one  end  in  water 
and  the  other  in  our 
mouth,  then  draw  in  the 
breath,  we  create  a  va- 
cuum ;  the  air  in  the 
etraw  first  rushes  into 
the  mouth,  and  is  fol- 
lowed by  the  water;  this 
arises  from  the  pressure 
of  the  air  on  the  water 
fbndng  it  into  the  part 
where  a  vacuum  has 
been  produced. 


up  tne 


On  this  principle  the  iiseftil  and  common  contrivance  called 
the  sncting-pump  (fig.  Ill)  is  conBtructed.  It  conBiats  of  a 
boUow  tube,  having  a  close  piston  a,  with  avalve  opening  up- 
vards,  made  generally  of  a  piece  oi  lead  fixed  to  leather,  and 
attached  by  a  hinge,  b  is  a  hoUow  tight-fittiiLg  plug  with  a 
valve,  the  same  as  the  other,  hut  placed  in  a  tower  part  of  the 
tithe.  Oa  pressing  the  handle  c  down,  a  vacuum,  is  created 
botn^een  a  and  b  ;  and  the  air  pressing  on  the  water,  it  rushes 
up  the  tube  B,  raises  the  valve  b,  which  closes  from  its  own 
"it,  and  that  of  the  water  above  it.  On  a  descending,  by 
being  raised,  the  water  between  a  and  b  forces 
the  valve  a,  which,  closing  on  the  handle  being  pushed 
lifts  the  water  up  to  the  spout  f,  whore  it  fiowa  out. 
Id  doing  this,  a  vacuum  is  again  cre-ated  between  a  and  b, 
followed  by  more  water;  and  thus  the  operation  is  continued 
aa  long  as  required. 

Suppose  a  tube  closed  at  one  end  were  filled  with  water, 
and  the  open  end  then  placed  in  a  vessel  of  water,  the  fluid 
would  rem^  in  the  tube  at  the  height  of  34  feet ;  t^i'n  ahows 
that  the  weight  of  the  atmosphere  on  the  earth  is  equal  to  a 
column  of  water  34  feet  in  height,  or  that  of  34  feet  of  water 
surrounding  the  whole  globe.  From  this  feet  iu  nature,  a 
pomp  cannot  bo  made  to  draw  water  from  a  greater  depth ; 
therefore  when  such  a  circumstance  occurs  as  to  render  the 
operation  necessary  in  a  vory  deep  mine,  a  succession  of 
pumps  is  employed,  averaging  about  28  feet  draught  each ;  or 
another  arrangement  is  resorted  to,  namely,  the  Ibrdng  Purtip. 
It  used  once  to  be  supposed  that  water  rose  in  a  tube  emptied 
of  air,  because  "  Nature  abhorred  a  vacuum;"  but  this  dis- 
covery that  it  would  not  rise  to  a,  greater  height  than  34  feet, 
led  to  a  conviction  in  the  mind  of  Torricelli  the  Florantine,  that 
the  weight  of  the  atmosphere  was  the  real  cause. 

The  Action  of  Comprexstd  Air. 
We  have  already  stated  that  the  pressure  of  the  air  is  equal 
^•ttlie  earth's  surface  to  about  15  lb.  on  every  square  inch,  while 
'  *  iB  a  density  or  weight  equal  to  1  ounce  troy  for  each  equore 
,t  its  lowest  stratum.     Now  this  weight  of  15  lb.  on  the 
e  inch  is  called  the  pressure  oi  one  atmosphere.    If  161b. 
square  inch  be  added  to  compress  air,  it  then  fills  one- 
iBformeo'  space,  and  ite  density  is  called  a  doiAU  atmc- 


sphere.  With  twice  15  lb.  then  it  is  of  triple  liensity,  and  said 
to  bo  three  atmo^heres.  Just  is  proportioa  aa  it  is  compresaed 
docs  ita  uliistic  reactjon.  or  force  increase.  In  tbis  maimer  a 
Gi«ani-cngine  or  air-giiiL  is  spoken  of  as  possessing  a  resisting 
medium  of  so  many  atmospheres.  If  we  ascend  into  the  hea- 
vens, or  expand  air  by  artificial  means  until  it  posscBses  only 
one-half  of  tbe  donsity  at  the  earth*s  surface,  tbcn  it  is  spoken 
'y  half  an  atmosphere,  and  so  on. 


Fig.  112. 
From  a  knowledge  of  the 
powers  of  compressed  airmany 
useful  articles  for  domestic  1ISOS 
are  formed,  as  table-lamps, 
shower -baths,  and  others, 
while  a  little  refreshing  par- 
lour fountain  adds  to  tbe 
charm  of  an  adjoining  eon- 
aervatory.  The  last-naraed 
elegant  jet  ia  constmcted  in  every  y 
prindplo  of  action  is  the  same  in  all. 

a  a  (fig.  112)  partly  fiHod  with  water,  either  air  is  then  com- 
pressed into  the  vessel,  or  by  means  of  an  air-pump  air  is  ex- 
tracted, and  upon  taming  a  cock  the  water  spouts  up  through 
B  pipe  6  inserted  ia  the  vessel  and  reaching  near  to  the  bot- 
A  little  stout  cherub  atruggling  with  a  dolphin  is  a 


Fig.  113. 
■iety  of  design,  but  the 
It  counts  of  a  vessel 
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Ntarite  device,  tlie  water  issuing  from  the  mouth  of  the-  ] 
'  bared  &ib. 
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ipplication  of  condensed  air  ie  of  infinite  e 
water- works  having  to  supply  laige  towns ;  for  as  fiU- 
)  pipes  direct  by  the  working  of  pumps  would  cause  it 
in  gushefl,  the  water  is  puinped  into  a  covered  receiver, 
*1  the  air  in  it  becomes  condensed,  and  pressing  on  the 
makes  the  supply  uniform,  and  gives  the  necessary 
to  keep  the  pipes  constantly  charged, 
suppose  a  a  (fig.  113)  to  be  the  pipe  through  which 
;r  IB  forced ;  it  passes  through  the  valvo  e,  opening 
to  the  vessel  6  6 ;  the  air  accumulating  in  the  upper 
he  vessel  at  c  c,  presses  upon  the  surface  of  the  water, 
wMoh  Bands  it  up  the  jjipe  ddin  &  continuous  stream. 

It  may  he  remarked,  that  here  the  water  is  pressed  into 
the  receiver  by  means  of  what  is  termed  a  forcing  pump,  the 
power  of  which  compresses  the  air.  If  the  air  be  by  this 
means  condensed  to  a  double  atmosphere,  the  pressure  would 
raise  water  33  feet,  if  to  a  triple  atmosphere  66  feet,  and  so  it 
will  increase  in  power  to  raise  33  feet  for  every  additional 
atjnospheric  pressure  applied.  (For  other  uses  of  compressed 
see  Forcing  Pvinp  and  AUnaspherlc  Engines.) 

The  Fumn(f  Pump. 
Tbs  simplest  kind  of  Forcing  Pump  is  shown  in  the 
cut-  It  is  merely  an  adaptatioa  of  the 
common  sucking  pump  to  the  purpose  of 
propeUing  water  along  a  pipe.  There  is 
no  vnlTO  in  the  piston  c  (fig.  114),  but 
the  water,  raised  through  the  suctim- 
pipo  a  and  the  valve  g.  is  forcod  by  e<iLh 
d^reasion  of  the  piston  up  through  the 
■"  e,  which  is  ftimished  with  a  valve 
'ent  the  rotiim  of  tho  fluid 
other  kinds  of  forcing  pump  water 
'led  by  means  of  the  elastte  reac 
.  ofcompreMed  mr.  We  give  a  sketch 
5  115),  showing  its  application  to  a 
purpose,  an  inspection  of  which 
roakeits  operation  easily  understood. 


li  provided  with  a  pump- 


barrel  6  6,  in  which  works  a  tidj 
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fitting  piaton ;  a  valve  opening  upwards  is  placed  at  tlie  bottom 
of  the  barrel  at  c  and  another  at  e,  in  the  inside  of  the  receiver, 
on  air-vessel,  d  d.  In  the  centre  of  the  street,  above  the  ■well, 
an  ornamental  pedestal  A.  A  is  placed.  In  the  centre  of  this 
the  piston-rud  t  i  of  the  barrel  works,  being  operated  upon 
by  the  handle  m.    A  pipe //proceeds  from  the  oir-vesaol  dd, 


i,aiid  18  tennmated  b\  ascnwjun  t    j    U  ^^lol,h  thehosej/is 
■  attached  when  required     The  whole  apparatus  ib  designed  for 
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THE  POSCTS'O  PUMP. 

s  permanent  force-pump,  to  be  used  in  the  extinguishing  of 
"idental  firea  occurring  in  the  street  io  which  the  apparatus 
Ite  operation  iB  as  follows; — On  the  handle  m  being 
tteased,  the  piston  is  raised,  creating  a  vacuum  in  the  lo^t'er 
■  of  the  barrel,  and  eauaing  the  water  to  fill  it,  passing 
iFougli  the  valve  c.     On  the  handle  m  being  raised  the  piston 
depressed.     The  valve  c  closiag  tightly  prevents  all  ^ress 
througt  it :  the  water  therefore  is  forced  up  the  pipe  leading 
to  the  air-TeB9eI  through  the  valve  e.     It  ia  now  bj  the  press- 
of  the  air  in  the  air-vessel  forced  up  through /and  out 
Uie  orifice  of  the  hose  17  in  a  continuous  etroani  or  jet.     As 
chamber  d  d  contains  air  it  becomes  compressed  by  the 
',  and  according  to  the  force  of  its  eondensation  does  the 
fly  out  of  the  pipe/  and  hose  g.     If  the  air  be  com- 
led  one-half,  it  will  press  on  the  water  with  the  force  of 
^uhle  atmosphere,  and  be  sent  the  height  o£  33  feet ;  and 
'to  one-third  its  former  spaee,  the  water  will  spout  in  a  uni- 
form stream  to  the  top  of  a  building  66  feet  high,  and  so  on, 
according  to  the  pressure  on  the  air  by  the  water, 

Fire-emfines  were  used  by  the  ancients,  and  introduced  into 
Englandabout  the  year  1700.  They  may  bo  described  as  con- 
sisting of  an  oblong  wooden  chest,  or  cistern,  along  the  lower 
part  of  which  mns  a  raetallie  pipe,  into  which  the  water  flows 
from  a  feed-pipe  connected  at  the  other  end  with  a  street-plug 
OT  reservoir  of  water.  The  water  having  entered,  the  interior 
pipe  ia  elevated  and  forced  into  an  upright  air-vesBel  by  two 
pumps,  which  are  worked  by  men  by  means  of  long  handleK 
placed  at  the  outside.  From  the  air-vessel  the  water  is  forced 
into  a  pipe  connected  with  the  leather  hose,  and  then  directe<l 
against  the  boming  edifice.  If  properly  constructed  they  will 
Hirow  a  stream  of  water  130  feet  in  height ;  but  it  will  bo 
well  to  remember  what  we  stated  on  the  flowing  of  water 
through  pipes,  page  1 1 3,  that  an  elevation  of  an  angle  of  45 
degrocs  will  throw  water  the  greatest  distance,  which  also 
applies  to  the  engines  we  are  now  describing. 

The  following  figure  illustrates  the  action  of  the  fire-engine. 

Two  pnmp-barrols  b  h  (fig.  116),  are  phiced  in  the  cistom  a  a, 

and  surrounded  with  water  to  the  level  of  d  d.     Each  barrel 

a  piston  6  h,  attached  by  rods  i  i  to  an  oscillating  beam  g  g 

;  in  the  centre,  moved  by  the  handles  A  ft.     The  valves 

inwards  to  tho  barrels,  and  those  marked  d  d  to  the 


Kg.  116.— Fire  Eogina 

resisted  by  the  air  at  the  top  of  the  receiver,  and  thns  seckii^ 
an  outlet,  rashes  with  impetuosity  through  the  pipe  it,  and  is 
directed  to  the  proper  object  by  the  hose  screwed  on  at  /.  The 
little  portable  and  osefol  engines  nsed  in  gardens  aro  con.- 
gtmctcd  on  a  similar  principle. 

The  great  defect  of  forcing  pumps  where  air-vessels  are 
used  is  the  absorption  of  th«  air  by  the  issuing  water,  so  that 
in  process  of  time  nearly  all  the  air  in  the  receiver  is  passed 
oat  by  the  water,  which  consequently  becomes  intermittent. 
To  obviata  this  defect,  an  arrangeDient  in  the  fallowing  manner 
is  mode.  The  pump-barrel  is  at  a  n  (flg.  117),  the  piston  at 
a  the  piston-rod  at  c ;  rf  rf  is  the  pipe  eonmmnicatiug  with 

e  water  to  be  pumped  up.    On  the  piston  being  raised  the 
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e  opeiis,  ofld  avacuum  being  produced  beneath  the  piaton, 
e  wftter  rises  from  the  well ;  while  this  part  of  the  operation 
is  being  pcrfonnod,  the  valve  y  opens,  and  the  irater  above  the 
piston-rod  is  lifted  up  and 
forced  out  at  (/  into  the  de- 
livery-pipe i  1.  On  thepiston- 
rod  being  depressed  the  valves     ( 


e  and  a 


Iteing  created  above  it,  the 
valve  /  opens  and  admits  the    3 
water  from  a  to  that  part  of 
tie  barrel  above  the  pis  on 
at  the  same  time  the  val     ? 
opens,  and  as  the  pis  on  de 
Bcenda  the  water  beneath  ih 
forced  through  k  into  the  1 
livery-pipe  i  i.     It  will  th 
be  plaiii  that  there  niu  t  h    a 
oontinual   stream    of    wate 
forced  through  the  dch  eir 
pipe,  as  both  the  down  in  I 
ap  stroke  act  in  giving  pe 
manence  to  that  effect 

The  force-pump  is  emp  o  ed 
frequently  to  supply  the  boiler 
of  a  steam-engine  with  water, 
that  the  pressure  of  the  steam 
intheboilermaybeDvereome,  Fig.  117- 

Hot  water  may  be  pumped  in  ;  but  shoal  d  the  pump  be  applied 
to  raise  water  whieh  has  more  than  150  d^rees  of  heat,  on 
fee  piston  being  lifted  up  the  expoeted  vacuum  will  be  foimd 
filled  with  steam  given  off  by  the  water,  and  the  pump  there- 
fore labours  fi-uitlesslj. 

The  common  waUr-syringe  consists  of  a  wide  tube  ending  in 
a  voklIc,  and  at  the  other  end  a  handle  attached  tJj  a  light 
piston.  Dipping  the  nozzle  in  water,  this  is  drawn  up  by 
drawing  the  handle,  and  may  afterwtmU  be  squirted  out  by 
depre^ing  it. 

There  are  two  descriptions  of  air-syrlngea ;  one  for  forcing 
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more  air  into  a  vessel,  called  a  condensing  syringe ;  and  another 
for  drawing  air  out  of  a  vessel,  which  is  named  an  exJuiusting 
syringe.  Both  consist  of  a  tuhe  closed  at  one  end,  excepting 
an  orifice  to  which  a  valve  is  affixed.  In  the  condensing 
syringe  this  valve  opens 
downward ;  in  the  exhanst- 
ing  syringe  the  valve  opens 
upward.  A  piston  with  a 
handle  and  rod  is  put  in  at 
the  other  end  of  the  tuhe, 
and  can  be  moved  up  and 
down;  each  of  these  pis- 
tons has  valves  opening  in 
the  same  direction  as  the 
valves  of  the  tubes.  If  the 
exhausting  syringe  be  af- 
fixed to  a  vessel,  the  piston 
being  down,  on  drawing  it 
up,  the  valve  in  the  piston 
is  kept  shut  by  the  pressure 
of  the  external  air,  while 

the  air  in  the  vessel,  press- 

ing  on  the  valve   at  the  Fig.  118. 

bottom  of  the  tube  at  the  rate  of  15  lbs.  on  the  square  inch, 
raises  it,  and  the  air  in  the  vessel  passes  between  the  valve  in 
the  piston  and  that  in  the  bottom  of  the  tube.  When  the 
piston  is  pressed  down,  the  valve  at  the  bottom  closes  and  that 
in  the  piston  opens,  and  thus  the  operation  is  continued  until 
the  vessel  be  pumped  free  from  air  (fig.  118). 

In  the  condensing  syringe  the  valves  are  hung  so  as  to  act 
in  a  contrary  direction :  when  the  piston  is  pushed  down,  the 
pressure  of  the  air  in  the  tube  and  vessel  shuts  the  valve  in 
the  piston,  and  the  air  in  the  tube  is  forced  into  the  vessel ;  on 
drawing  up  the  piston,  the  pressure  of  the  air  within  the  vessel 
doses  the  valve  at  the  bottom  of  the  tube,  while  the  external 
air  opens  that  of  the  piston ;  on  pressing  the  piston  down  again, 
the  piston- valve  closes,  and  the  air  in  the  tube  forces  the  tube- 
valve  open  and  the  air  into  the  vessel.  Thus  the  operation  is 
continued  as  long  as  the  experimenter  has  strength  to  force 
more  air  in,  or  the  vessel  to  bear  it. 


Kg.  119. 
Thi  Air-jiump.  I 

hie  iastrtunent  is  for  the  purpose  of  withdrawing  the  air 
'from,  any  closed  vessel.  It  may  he  drawn  from  a  bag  or  bladder ; 
bat  for  general  experiments  there  is  a  round  gloss  with  on 
arched  top  r  (fig.  119),  and  open  at  the  bottom,  called  a  reeei^er. 
""  '  glass  is  placed  with  its  open  port  downwards  on  a  flat 
surface,  usually  a  metal  plote,  and  where  it  touches  the 
it  is  greased,  or  adapted  to  a  piece  of  wet  leather  to 
r  it  perfectly  air-tight.  Id.  the  metal  plate  ia  a  hole  A, 
conmiunicating  by  a  tube  //  with  two  strong  brass  pumpr 
barrels,  a,  b.    In  each  barrel  is  a  ralve  v  v,  opening  upwards,,,! 


arched 
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and  fJflO  valvoB  e  *  in  two  tightly-fltting  pistona :  at  tho  top  of 
these  pistons  is  some  rack-work  d,  which  works  in  a  little  cog- 
wheel attached  to  a  handle.  A  half-circular  turn  being  given 
to  the  handle,  the  pinion  works  the  rocks  up  and  down.  On 
each  of  the  pistons  rising,  tho  air  rushes  from  the  receiwr  into 
the  vacuum  created  in  the  hBircl.  As  the  pistons  altematel}' 
descend,  the  air  escapes  from  the  borrois,  and  thus  the  handle 
is  worked  until  all  the  air  under  the  receiver  is  dra«*n  away. 
The  double  barrels  expedite  the  operation. 

In  the  cylinder  or  barreJ  n  tJie  pisten  ii 
act  of  oeceuding  when  the  valve  e  is  dosed,  and  a  vacninm 
would  be  formed  beneath  the  piston  but  for  the  opening  of  tho 
valve  V  by  the  elasticity  of  the  air  in  the  receiver  r.  In  the 
barrel  b  the  pistan  is  in  the  act  of  descending  when  the  valve 
V  is  closed  and  the  valve  e  open,  by  whith  aJl  the  air  in  the 
cylinder  ia  forced  out ;  and  in  this  manner  a  portion  of  the 
air  is  withdrawn  from  the  receiver  r  at  every  stroke  of  the 
pump,  t  is  a  cock,  by  turning  which  air  is  re-admitted  int« 
the  receiver,  and  this  thereby  loosened ;  j  is  a  small  graduated 
tube  flUed  with  mercury  (th&  pressure  gauge),  which,  from  the 
mercury  sinking  as  the  air  is  exhausted,  shows  the  extent  to 
which  exhaustion  is  carried. 

In  tho  working  of  this  useful  philosophical  instrument,  the 
utility  and  action  of  the  simple  contrivance  of  a  valve  must 
be  very  striking.  As  the  air  rushes  out,  it  gives  way  and 
allows  it  to  pass  ;  but  as  soon  as  it  attempts  to  enter,  it  closce, 
and  the  more  forcihly  the  air  is  made  to  push  against  it,  the 
closer  and  tighter  does  it  become. 

Many  useful  experiments  are  made  with  the  air-pump. 
The  weight  of  the  air  may  be  personally  felt  by  placing  the 
hand  on  one  end  of  a  glass  tube  which  is  open  at  both  ends, 
the  other  end  being  placed  over  the  hole  of  an  air-pump ;  on 
exhausting  the  air,  the  weiglt  of  the  estemal  air  is  fdt  most 
painfully.  If  the  hand  be  removed,  and  a  piece  of  parchment 
subatituted  and  tightly  tied  on,  it  will  sink  inwards  and  finally 
burst  with  a  loud  report. 

A  glass  of  liquid  placed  underneath  a  receiver,  on  the  air 
being  withdrawn  will  bubble  up,  from  the  air  contained  in  it 
escaping ;  by  this  means  is  seen  the  amount  of  air  held  in 
many  liquids  and  solids. 

A  favourite  experiment  ia  to  place  a  shriveDod  apple  under 
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iti  receiver,  when  it 


all  ihe  plumpness  and  s: 


I  ripeness  instead  of  tlie  wrinkles  c 
a  again  presented  to  fresh  air,  the  apparent  youthfulnesa 
at,  and  die  appearaneo  oonsequent  on  its  natural  condition 

'  A  bladder  half-filled  with  air  and  tightly  tied  at  the  neek, 
when  similarly  treated  will  expand  till  it  hursts.  An  egg  with 
a  prick  in  the  narrow  end,  under  an  exhausted  receiver,  will 
become  empty,fromthe  air  contained  in  the  broad  end  expanding 
and  forcing  out  all  the  delicate  &od  encased  io  the  shcl]. 

These  facts  illustrate  t/ie  expansion  of  air.  The  expansi- 
bility of  air  must  be  very  great ;  for  if  only  one-thousandth 
part  of  the  quantity  contained  in  the  receiver  be  left,  there  ia 
etiU  spring  enough  to  move  the  valve  of  the  pump. 

As  tlie  valves  in  air-pumps  are  apt  to  get  out  of  repair,  it 
is  a  desideratum  to  have  an  apparatus  without  them.  Mr. 
Eitchie  invented  one  to  act  "A-ithout  valves,  which  is  there- 
fore 80  far  simplified  in  construction.  The  diagram  is  merely 
illnatrative  of  its  princijde,  not  of  the  arratigemont  of  the  parts, 
wbich  may  be  made  to  suit  convenience.  A  barrel  a  a  (fig.  120) 
ia  provided  with  a  piston 
6  b,  the  rod  of  which 
worts  through  an  air- 
tight stuffing-box  at  i/ ; 
tho  receiver  d  standing 
OT  a  table  /  ia  connected 
to  the  barrel  by  a  pipe 
ee.  There  ia  a  small 
hole  in  the  cover  at  e, 
etmilar  to  tie  vent  of  a 
flat*.  Gnppose  the  piston 

DOW  seen  at  the  bottom 

ll^the  barrel  beneath  the 
J  of  the  pipe  e  e 

9  rused,  the  air  above 
feia  forced  through  the 
sperturee;  the  fingir 
being  put  on  c,  by  which 
it  is  closed  and  becomes  Fig  13<i 

perfectly  air-tight,  the  piston  is  pressed  down,  and  forms  a 
vacuum  aboveit;  immediately  on  the  piston  passing  the  aperture 


I 


of  the  pipe  <  e,  the  ^  from  the  receiver  d  rushes  into  the  barrel 
to  fill  up  the  Tacuam.  The  pietoa  is  then  rataed,  and  the  aii 
passes  through  e,  the  operatioa  being  repeated  till  the  requiBite 
degree  of  extension  is  obtained  in  the  receiver  d. 

This  principle  of  the  air-pitmp  has  been  long  applied  to 
mannfactming  purposes.  Wattadopted  it  in  his  steam-engine; 
and  in  paper-makiiig,  sugar-making,  and  tanning  of  leather, 
and  numerous  other  purposes,  it  has  been  succ^sfiilly  nsed. 
A  machine  is  fitted  up  similar  to  an  air-pump,  having  a  tube 
ccainectod  with  the  syringe  and  a  receiver ;  but  in  tbja  case 
the  receiver  is  firmly  fastened  down  by  a  crosa-piece  of  some 
material  affixed  to  pillars. 


Every  one  must  have  observed,  in  passing  along  the  streets 
a  the  great  waggons  of  the  distiUera  ai-e  stant" 
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e  spirit-ahop,  this  matrument  in  ftction  emptying  the  hugo 
■  (8g.  121).  ,        , 

The  siphon  is  abent  tube  6  6  (fig.  122)  having  two  legs  of 

nnequal  length.     AVheu  used,  the  ahortor  leg  is  inserted  into 

the  bung-hole  of    a 

cask   or  other  vessel 

a  a  from  ^'hich  it  is 

diEfiired  to  draw  off  the 

liquid  it  contains.  The 

tap  c  is  first  closed, 

then  the  mouth  of  a 

person  is  applied  to  a 

BmalJpipe  del  to  create 
r  theK 


phon  is  previously 
Mod  with  liquid. 
The  tube  d  d  is  not 
essential  tothoiastm- 
ment.  From  the 
pressure  of  the  atmo- 
spheric air  on  the  sur- 
face of  the  hqnid  it 
rushee  into  the  siphon, 
vhen  the  tap  e  of  the 
small  pipe  is  closed 
and  that  of  the  lai^er 
one  c  opened;  the  li-  ^'     ""■ 

quid  then  flows  out  as  long  as  the  short  leg  is  heneath  the 
surface  of  the  liquid,  and  the  Bstremity  of  the  long  leg  is  at  a 
lower  lerel.  By  this  contrivance,  the  vessel  to  be  emptied 
need  not  be  moved,  and  any  sediment,  as  at  mm,  remains 
undisturbed.  The  weight  of  the  hquid  in  the  longer  leg  falling 
from  its  own  gravity  would  leave  a  vacuum,  did  not  the  press- 
nre  of  the  air  in  the  cask  or  vessel  force  the  Hquid  up  and 
supply  its  place. 

Sometimes  siphons  are  formed  on  a  very  lai^  scale  for 

supplying  towns  with  water,  or  draining  ponds  or  lakes ;  but 

the  same  law  exists  with  regard  to  them  as  the  pump  ;  that  is, 

y  must  not  rise  above  thirty-two  feet  from  the  surface  of 

r,  for  beyond  this  point  the  fluid  will  not  flow. 

a  bfflit  tube  have  two  legs  of  equal  length,  and  be  the«  1 
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filled  with  water  and  one  leg  turned  downwards  into  water, 
the  fluid  will  not  run  off  as  in  the  siphon  described  above ; 
but  if  a  small  inclination  be  given,  one  leg  in  effect  is  made 
longer  than  the  other,  and  tho  water  will  flow  off  as  long  aa 
there  is  any  water  remaining  in  tho  vessel.  The  reason  of  the 
water  not  flowing  when  the  legs  are  equally  long,  is  that  the 
pressure  of  the  atmosphere  acts  equally  on  both  ends  of  tha 
tube ;  but  by  shortening  one  of  the  legs  the  balance  is  de- 
stroyed, and  the  weight  of  the  longest  column  of  water  pre- 
ponderating pulls  tho  other  after  it. 

Wo  know  that  if  a  chain  or  rope  is  hanging  over  a  high 
beam,  when  the  two  parts  arc  equal  it  is  at  rest ;  but  make 
one  longer  than  the  other,  then  the  long  one  drags  the  other 
after  it.  The  contents  of  a  siphon  may  bo  compared  to  a 
chain  of  water,  the  weight  of  the  longer  leg  drag^ng  the 
accumiilated  water  off  in  a  stream  or  chain,  the  pressure  of  the 
ail  preventing  this  liquid  chain  from  breaking. 

Hitacheriioh  contrived  a  very  neat  little  siphon  (fig.  123) 
for  operative  chemists,  that  they  might  draw  off  a  liquid  from 
above  downwards  without  dis- 
turbing any  sediment  d  that 
might  be  in  the  vessel, 
sists  of  a  bent  tube  ab  o,  having 
legs  of  unequal  length  ;  that 
which  is  the  shortest,  and  the  one 
to  be  inserted  in  the  liquid,  is 
bent  upward  at  the  end  c,  so  that 
the  liquid  flows  into  it  fium 
above,  and  docs  not  in  the  dight- 
ost  affect  that  below.  The  fiiger 
ia  pUced  on  h,  when  the  instni- 
ment  ia  intended  to  be  used,  and 
the  air  being  drawn  out  by  suck- 
ing at  e,  tho  liquor  flows  in,  and  the  finger  being  removed,  it 
nms  out  at  h. 

The  dipping  siphon  (fig.  124)  bears  but  little  resemblance 
to  the  true  aiphon.  Its  principle  is  that  water  which  can  only 
quit  a  vessel  by  a  small  hole,  a  hole  too  small  to  allow  air  to 
pass  in  to  fill  up  the  vacuum  made,  is  retainedin  that  vessel  by 
the  pressure  of  tho  atmosphere.  It  is  used  where  the  eon- 
tonta  of  barrels  or  other  veesela  have  to  be  tosted,  and  there 


Fig.  123.  Fig.  124. 
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preparation  for  drawing  off  tto  liquid;  it  ia  a  small 
tubular  vessel  open  at  both  ends,  but  contracted  at  the 
ity  and  neck.  On  dipping  it  into  the  tarre!  or  vessel, 
enters  and  fills  it ;  the  thumb  is  tlien  placed  on  the 
the  tcip  of  the  nock,  and  being  drawn  out,  none  of  the 
escapes  until  the  thumb  is  removed :  upon  doing  bo,  a 
glass  or  other  vessel  can  be  filled. 

We  cannot  leave  this  subject  without  noticing  the  pleasing 
to;  called  Tantalus's  cup.  The  x>oor  fellow  stands  up  to  his 
neck  in  water,  as  described  in  tiie  fable,  and  whenever  the 
w^ter  is  brought  to  the  level  of  his  chin,  and  he  is  about  to 
quench  his  unbearable  thirst,  the  water  vanishes.  This  is 
accomplished  by  the  figure  having  within  it  a  concealed  siphon, 
lie  longer  leg  passes  through  the  bottom  of  the  cup  in  which 
the  figure  is  placed,  and  the  water  ia  made  to  stand  not  quite 
80  high  aa  the  bend  of  the  siphon  ;  therefore  upon  raising  the 
water  to  the  lips,  it  is  over  the  bend  of  the  tube,  and  runs  out 
until  the  vessel  is  empty.  On  the  same  principle  a  conjuring 
trick  is  shown  by  having  a  siphon  concealed  in  the  handle  ^ 
a  drinking  vessel,  and  upon  asking  a  person  to  partake  of  the 
contents,  when  in  the  act  of  placing  it  to  the  mouth,  it  recedes, 
and  disappointment  ensues.  ■ 

In  decanting  a  bottle  of  wine,  the  air  caters  at  one  side  of  J 
the  neclc,  and  thus  allows  the  wine  to  pass  out.  If  a  tap  be 
driven  into  a  fiill  barrel,  the  liquor  will  only  dribble  out ;  but  if 
a  small  hole  be  made  in  the  part  uppermost,  then  the  pressure 
of  the  admitted  air  forces  it  freely  out  of  the  tap,  A  large 
bole,  on  the  same  principle  as  the  bottle,  permits  air  to  find  its 
and  then  a  barrel  may  be  speedily  emptied  without  a 
it-hole. 

The  BaTotneter, 

The  feet  related  in  a  preceding  article,  that  34  feet  of  water 
balance  the  pressure  of  the  atmosphere,  was  discovered  by 
the  colcbrated  Galileo.  Some  pump-makers,  employed  by  tha 
Duke  of  Tnscany,  finding  they  could  not  raise  water  above  30 
feet,  in  their  dilemma  applied  for  assistance  to  the  philosopher, 
who  proved  to  them  that  the  law  of  nature  did  not  permit  of 
water  rising  above  a  cci-taJn  heiglit  in  a  cylinder  from  which 
'pair  had  been  eidiausted.  Kot  only  on  the  discovery  of  the 
e  of  the  atniosphore.  but  on  other  philosophical  sabjects 
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did  Galileo  contend  against  the  prejudices  and  ignorance  of  the 
time  in  whioli  ho  lived.  Evangelista  Tomcelli,  a  young  man 
residing  at  Uorae,  watched  with  deep  interest  the  many  im- 
portant truths  elucidated  by  Galileo;  and  writing  two  tracts, 
one  on  the  motion  of  liuids,  and  the  other  on  mechanics,  he 
received  from  the  aged  philoaopher  an  invitation  to  come  to 
Florence.  Shortly  aftorwards  Galileo  died,  and  Torrioelli,  at 
the  age  of  thirty-nine,  succeeded  to  the  chair  of  mathematics 
in  the  famous  academy  of  that  city,  Torricelli,  wishing  to 
estabUah  the  truth  of  the  pressure  of  the  atmosphere,  used,  as 
more  convenient  for  osporiment,  mercuiy  instead  of  water, 
making  an  allowance  for  the  increase  of  weight,  which  is  about 
thirteen  times  that  of  water. 

He  took  a  glass  tube,  one  end  of  which  was  sealed,  and 
having  filled  it  with  mercury,  he  placed  the  open  end 
in  a  Teasel  a  h  (fig.  125)  containing  the  same  ma- 
terial. On  doing  this,  he  noticed  that  the  mercury 
escaped  from  the  glass  tube  until  it  stood  at  s,  a 
height  a  little  more  than  2y  inches  above  tho  vessel 
of  mercury  in  which  tho  open  end  of  the  tube  was 
placed.  Thus,  then,  if  tho  pressure  of  the  atmo- 
sphere supported  mercury  to  a  Httle  over  29  inches, 
by  multiplying  that  height  by  13J  (mercury  being 
80  many  times  as  heavy  as  water),  he  obtained 
the  result  stated  by  Galileo  of  about  32  feet  (at 
Florence).  Then  to  prove  that  atmospheric  pressure 
varied  under  different  circamstances,  he  made  the 
same  experiment  on  the  tope  of  high  buildings  and 
the  summits  of  mountains.  The  result  to  the  world  j 
was  the  great  discovery  of  the  barometer.  ' 
variation  of  the  raercnry  on  coming  atorma  and  hot  ' 
weather  was  remarked,  and  its  important  application  -^S- 125- 
to  tho  wants  of  man  on  sea  or  land  rendered  apparent.  To 
Uie  shepherd  in  saving  his  flocks,  to  the  fermer  in  storing  his 
hay  or  com,  to  the  sailor  in  preserving  his  ship  and  crew,  the 
barometer  is  invaluable;  for  often  when  all  is  serene  and  sun- 
shine, without  a  speck  in  the  vault  of  heaven,  the  faithful 
monitor  will  give  note  of  coming  danger. 

Three  vessels  wore  sailing  in  the  Chinese  seas  in  1847  in 
very  calm  weather.  The  first  vessel  suddenly  hauled  in  every 
saiL     The  singularity  of  this   act,  apparently  without  any 


son  for  so  doing,  struck  the  mariners  on  board  the  si 

1  with  astonishment,  and  tho  mato  and 
captain  consulted  together  as  to  this  strango 
conduct,  when  it  ocoaired  to  tho  former  to  hasten 
to  the  cabin  and  look  at  the  barometer ;  and  in 
bis  fiight.  he  shouted  out  that  it  had  suddenly 
sunk  an  inch.  Eyerj  hand  was  instantly  at  work, 
Bud  in  a  few  minutes  the  vessel  was  under  bare 
poles.  They  now  turned  their  attention  to  tho 
last  vessel,  and  on  looking,  saw  every  officer  with 
his  telescope  attempting  to  de&io  the  cause  for 
Buch  a  remarkable  and  rapid  monceitvre.  Seeing 
they  did  not  foUow  their  example,  tho  captain 
dgnaUed  to  them  the  impending  danger,  and  at 
once  they  began  to  take  in  sail ;  but  it  was  too 
late,  a  terrific  typhoon  swept  over  the  ocean — the 
azure  sea  became  a  mass  of  'white  foam — the 
Teasels  were  whirled  about  like  cliaff.  Aa  soon 
as  possible  they  looked  for  their  companions ; 
the  first  was  safe,  the  other  had  found  a  watery 
grave,  TorriceUi's  contemporaries  scofflngly 
demanded  of  him  the  praetieal  itse  of  this  new 
inatrument.  The  sailors  who  witnessed  this 
scene  could  have  g^ven  a  more  satisfactory  reply 
to  these  questioners  than  the  inventor  himself. 

The  barometer  (which  means  b  wdght  measure) 
consiste  of  a  narrow  glass  tube,  about  34  inuhes 
long,  closed  at  the  top,  having  a  small  bulb  of 
mercury  at  the  lower  end ;  this  is  placed  upright 
in  a  fntme,  and  from  5  to  6  inches  exposed  to 
vieWi  on  which  part  there  are  figures  indicating 

e  number  of  inches  from  the  mercury  at  the 

n  of  tho  tube,  and  the  words  fair,  change,   , 

I,  rain,  stormy,  &c.  (flg.  126).  C 

Pl'Otiiers  are  termed  wheel -barometers ;    those 

i  bent  tube  c  k  b  (fig.   127)  to  hold  the 

n  the  top  of  which  is  a  smoU  float  b, 

a  silken  thread  i  attached,  passing  over  a 

_     .,  and  balanced  by  a  little  plummet  ». 

On  the  rise  or  fall  of  the  mercury,  the  thread 
,  Bmall  pointer  h,  which  indicates  the 
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varioufi  obongea,  as  the^  are  marked  on  a  dial  l,  siimlar  to 
the  face  of  a  clock. 

In  England,  the  ordinary  rango  of  the  mercury  is  bom.  29 
to  30  inches,  and  its  greatest  3  inches ;  in  liusaia,  3j  inches. 
Near  the  tropics  there  is  httle  or  no  yoriation ;  at  Jamaica 
seldom  more  than  llireo-tcnths  of  an  inch ;  and  at  Naples 
about  1  inch. 

For  minute  ohserration,  there  is  a  little  graduated  index 
called  a  vernier,  affixed,  which  shows  the  fluctuation  of  the 
mercury  to  the  hundredth  part  of  an  inch. 

The  haromeler,  as  a  weittfttr-</lass,  cannot  be  said  to  give  an 
invarmble  indication ;  it  merely  ahowa  that  a  change  is  taking 
place  from  the  former  condition  of  the  atmosphere,  It  meayurea 
the  weight  of  the  air,  and  becomes  a  weather-glass  only  by 
reason  of  the  observed  fact  that  the  column  of  aUm^pbere  is 
heavier  in  fine,  lighter  ia  foul  weather.  When  the  merooiy 
rises,  fair  weather  may  be  expected,  and  when  it  falls,  raiU) 
snow,  and  storms ;  when  it  falls  very  low,  it  presages  great 
winds,  though  not  necessarily  r^.  In  Eummer,  when  the 
mercury  descends,  thunder  may  be  expected ;  in  winter,  when 
it  rises,  frost ;  a  fall  during  frost  indicates  a  thaw,  and  a  riM, 
snow.  If  the  cbang«  in  weather  follows  closely  upon  that  of 
the  mercury,  such  change  wiU  be  of  short  duration.  When 
mercury  falls  quickly,  it  indicates  wind ;  and  if  it  fall  hnlf  an 
inch  in  an  hour  in  London,  and  immediately  change  its  direo- 
fion,  there  may  be  expected  a  wind  with  a  veioci^'  of  nearly 
60  miles  an  boar.  If  there  be  a  saddon  fall  of  the  meremy, 
and  no  particular  immediate  change,  by  noting  the  directioa 
of  the  wind  some  hours  afterwards,  the  situation  of  tlie  storm 
that  occurred  may  be  known  ;  and  if  the  time  from  the  feUing 
of  the  mercury  to  the  changing  of  the  wind  be  noted,  the  cxoot 
distance  of  the  storm  may  be  calculated.  For  the  atmosphere 
at  that  place  having  become  rarefied,  the  air  moves  rapidly 
from  all  parts  to  fill  np  the  partial  vacuum,  as  lur  is  drawn  to 
a  fire-place  by  the  beat.  This  was  beautifully  illustrated  in 
the  Great  Exhibition,  where  the  direction  of  the  wind  in  all 
the  principal  towns  was  shown  by  the  position  of  little  arrowSj 
the  information  being  daily  transmitted  by  electric  telegraph; 
The  theory  stated  above  was  carefully  watched  by  Mr.  Holmes  { 
and  he  became  perfectly  satisfied,  by  demonstration,  of  its  trath. 
I  I^e  same  gentleman  considers  that  every  storm  has  a  eimilax 


one  at  its  antipode ;  that  storms  'being  excited  by  electricity, 
it  18  possible  ikat  oae  may  exist  at  a  poaitiTe  and  one  at  a. 
negative  point.  The  ohserratioiiH,  aa  yet,  are  too  few  to 
establish  the  fact ;  but  as  for  ns  at  present  known,  they  are 
corroborative. 

Barometers  are  further  employed  for  measuring  heights. 
At  the  level  of  the  sea  the  mercury  stands,  say  at  29  inehee 
snd  flve-t«nttia ;  at  a  height  of  500  feet,  it  iw  fonnd  to  have 
Bunk  biilf  an  inch.  At  3^  miles  it  is  15  inches,  or  nearly  one- 
half;  attlieheight<rf4niileB  only  12  inches  high.  This  proves 
that  one-hali'  of  our  atmosphere  is  within  3J  mUes  of  the 
earth's  surface. 

In  1844  an  tjneroid  hnrometef  was  patented,  in  which, 
instead  of  depending  on  the  pressure 
of  the  atmoephere  on.  mercury,  the 
variationB  were  pointed  out  by  the 
pressure  of  the  aii  on  laminae  or 
diaphragms,  consisting  of  thin  sheets 
of  metal,  glass,  caoutchouc,  or  other  ' 
elastic  substance;  but  generally  a 
thin  piece  of  copper-sheet  corrugated 
drcularly,  bo  as  to  be  sensible  of  the 
slightest  pressure.  A  dial-plate  with 
index  pointers  is  placed  over  the  dia-  ^^  ^^a  1 

phragm.  A  brass  box,  from  which  the  air  is  extracted,,  is 
covered  over  by  this  clastic  substance,  supported  from  the 
pressure  of  the  air  by  a  number  of  delicate  spiral  springs  fised 
to  Qie  bottom.  When  the  atmosphere  hocomea  heavy,  the 
springe  sink,  and  move  the  index  hand  :  and  when  light,  tho 
springs  become  more  lengthened,  which  change  is  also  in- 
Acaied.  This  new  barometer  has  not  been  sufficiently  tested 
by  scientific  men  to  justify  a  decided  opinion  of  its  merits; 
it  oertoinJy  does  not  possess  the  simplicity  of  the  mercurial 
barometer,  which  in  principle  is  a  common  lever.  Never- 
theless it  shows  the  wonderful  elasticity  of  the  atmosphere. 
~"  )  sttaoBphere  is  acted  upon  by  gravity,  and  its  weight  is 
t  at  the  surface  of  the  earth,  and  less  the  higher  we 
The  invention  of  the  barometer  decided  its  exact 
To  prove  that  this  weight  is  the  cattse  of  the  mercury 
ing  in  the  tube  of  the  barometer,  it  is  snfficient  to  place 
the  tube  in  a  basin  Of  mercury,  under  the  receiyer  of  an  air- 
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pump,  whon  at  every  turn  '■:'  :!:•  IiLi-'ile  "he  mercurj  sinks; 
nnd  if  all  the  air  >>e  rvirj,vr  ii  :r  ni  :!:..■  -uriice  or  ih.e  meroarv 
the  heifjlit  of  that  ir»  th--  ::"  t-  .:zi  '  :u-ia  ^iH  be  :iie  same. 
Wht'ii  th«*  air  i.-*  ull-iWrd  :.■  -il:-?.  :!:..  :::..'r  iiry  ri^j^js  in  the 
tulH»  to  it^  iLMial  hr-i::h\  l"?.';  ^  :■-- ;:r-'  :  -::..  unno-fphere  is 
thi*n*l»y  |ip»\7-<I  to  Uj  f'.":.'*.l  :  i  1  :::.:i  :  ui-r  iirv  oO  inches 
hiirh  :  now  if  it  h.-  ral.  ula:.  •:  ::  I  in  ii  ^.  ..;:••.■  i:  :-<  ba:»e.  that 
will  In- :{!»  nihil-  irif.lu-s  •.:"  r.\'"  'iry.  :■::.:  .is  :i  iiri^-  inch  of 
:h.H 


I  lie  wi'i^ht  of  til*'  fitnio^jihfT*.-  L-i  the  ?  mo  a:?  i:  :Iie  wb..:Ie  globe 
wrii'  rovrnrl  with  a  *kiii  i-f  mtT'.'iry  :>■  in.hc:?  riii.jk.     This 


\vrij:ht  i**  tt\\w\  to  that  of  a  ft-'Ii-i  ;il'/ce  ..-i'  I-'iid  iij  miles  in 
(liiiitirter,  whirh  if  wr  ha^l  to  mov-:-.  we  .^lioild  hjjrdly  iLse  with 
n>f«|iiH-i  t»»  it  111"  Hijijii'int  ox j ires.- i.  a  ••  a.s  li-ili:  Ui?  :iix." 

'hie  following:  manual  of  the  1 'ar'.-nieror  has  ccen  compiled 
hv  H«'i"'  Adiiiinil  Kit/Iloy: — 

'  A  nipid  r'tfn^  of  th*:  haronut^.r  indicates  imsettkii  weather ; 
II  slow  iiiovi'iiH'iit  th*i  roiitrary ;  an  likewise  a  steady  barometer, 
wliirh,  whoii  rontiniHwi,  and  with  dryness,  foretells  verv  fine 
irwilhiT. 

A  I'MJ'mI  nnd  rinisidrraldij  fall  is  a  sign  of  stormy  weather 

mut  Hiiii  (or  snow).     Altrmatft  rising  and  sinkinir  indicates 

IIUM^UltHl  niid  Ihnwitrnin^  weather. 

Tin*  |tiiMihN*t  deproMHion.-*  of  the  barometer  are  with  gales 

ni  Ml..  M..  or  M.W. ;  tho  greatest  elevations,  with  wind 

N.W..  N.,  or  N.K.,  or  with  calm.     Though  the  baru^meter 

tnUr  ftilJ"  wiili  II  WMitlicrly  and  rises  with  a  northerly 

ifn*  hoiiliiiry  noiiioiimrrH  oficurs;    in  which  coses  the 

jfiJtU  wiiul    l«   iisiiully   dr}'  with   fine  weather,  or  the 

vhoilV  wIihI  i«  vioioiif.  nnd  accompanied  by  rain,  snow,  or 

J.  pp'ihiip«  «ill»  liKld'"l"K' 

Wti«'»'  t^"*  liiironirtrr  HinkH  considerably,  much  wind,  rain, 
j|H»rl»n|"*  *^"*''*  ^'"'^^  '"'  '*"''^^'  ^^^^  follow;  with  or  without 
Ibrtdtdim  '1'*"'  *^'i*'''  ^^''"  *'*'  ^''^"^'  *^^  northward,  it'  the  thA- 
M|t««iu>l('t  It  lint  (for  I  ho  mMiHon);  from  the  southward,  if  the 
l|u*HMoHM'li'i  l«  Idjih.  OccnMionally  a  low  glass  is  followed  or 
t^HHuliMl   hv   lljslilninjr  i»nl,v,  while  a  storm  is  beyond  the 
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i.  audden  fall  of  the  barometer,  ■with  a  westerly  wind,  is 
i  followed  by  a  violent  atorm  from  N.W.,  or  N.,  or 
JfJ!. 

If  a  gale  sets  in  from  E.  or  S.E.,  and  the  wind  veers  by  the 
B.,  the  barometer  will  continue  ialling  until  the  wind  ia  near 
a  marked  change,  when  a  lull  nuty  occur :  after  which  the  giile 
■will  Boon  be  renewed,  perhaps  suddenly  and  ■violently,  and  the 
veering  of  the  wind  towards  the  N,W.,  K",.  or  N.E.  will  be 
indicated  by  a  rising  of  the  barometer  with  a  fall  of  the  ther- 


Three  causes  (at  least)  appear  to  affect  the  barometer  :— 

1.  The  direction  of  the  wind — the  north-east  wind  tending 
fa)  raise  it  most ;  the  south-west  to  lower  it  the  most,  and  wind 
from  points  of  the  compass  betw-een  them  proportionally  as 
they  are  nearer  one  or  the  other  extreme  point.  N.E.  and 
S.W.  may  therefore  be  called  the  ■wind's  extreme  bearings 
(rather  than  poles).  The  range  or  diifcrenee  of  height  sho^wn 
doe  to  ebange  of  direction  only,  from  one  of  these  bearings  to 
tUo  other  (supposing  strength  or  force  and  moisturo  to  romain 
tha  same),  amounts  in  these  latitudes  to  about  half  an  inch  (as 
read  off). 

2.  The  amount — taken  by  itself — of  vapour,  moisture,  wet, 
run,  or  snow  in  the  wind,  or  ciirront  of  air  (dii'cction  and 
strength  of  wind  remaining  the  same),  seems  to  cause  a  change 
nmimnt.ing  in  an  extreme  case  to  a.bout  half  an  inch. 

3.  The  strength  or  force  alone  of  ■wind,  from  any  quarter 
(moisture  and  direction  being  unchanged),  ia  preceded  or  fore- 
told by  a  fall  or  rise,  according  as  the  strength  will  be  greater 
Ctr  less,  ran^ng  in  an  extreme  case  to  more  than  2  inches. 

Henee,  supposing  three  causes  to  act  together- — in  extreme 
eaaee — the  height  would  vary  froBi  near  31  inches  (30'9)  to 
about  27  inches  (27-0),  which  has  happened,  fihough  rarely 
(and  even  in  tropica!  latitudes).  lu  general,  the  ■thi'oe  causes 
aet  much  less  strongly,  and  are  le^  in  accord ;  so  that  ordinary 
varieties  of  weather  occur  much  more  frequently  than  extreme 
^nges. 

Another  general  rule  requires  attention,  which  is,  that  the 
^rind  usually  appears  to  veer,  shift,  or  go  rouud  with  the  s^un 
ft^ht-handud,  or  from  left  to  right),  and  that,  when  it  does 

"  ^  I  sOi  or  backs,  more  wind  or  bad  weathor  may  be  esjieetod 

d  of  improvement. 

n2 


■ 
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It  is  not  by  any  means  inteaded  to  discourage  attenticai  to 
what  ia  nsually  called  "-weather  wisdom."  On  the  oontraiy, 
every  prudent  person  wi31  comhme  obstrvution  of  the  elemontB 
irith  such  indications  as  he  may  obtain  from  inatrtimentB,  and 
will  find  that  the  more  accurately  the  two  Bources  of  fore- 
knowledge ere  compared  and  combined,  the  more  satis&otcny 
their  results  wiU  prove. 

A  barometer  begins  to  riKe  considerably  before  the  conclnaion 
of  a  gale,  sometimea  evfin  at  its  com  men  cement.  Although  it 
falls  lowest  before  high  winds,  it  frequently  sinks  very  mnoli 
before  Iieavy  rain.  The  barometer  falls,  but  not  always,  on 
the  approach  of  thunder  and  lightning.  Before  and  during 
the  earlier  part  of  settled  weather  it  usually  stands  high  and 
is  stationary,  the  air  being  dry. 

Instances  of  line  weather,  with  a  low  glass,  occur,  however, 
rarely ;  but  they  ore  always  preludes  to  a  duration  of  winil  or 
lem,  if  not  both. 

After  very  warm  and  calm  weather,  a  storm  or  squall,  witli 
rain,  may  follow;  likewise  at  any  time  when  the  atmoaphMe 
is  heated  much  above  the  ubuhI  temperature  of  the  season. 

Allowance  should  invariably  be  made  for  the  previous  stats 
of  the  glasses  during  some  days,  as  well  aa  some  hours,  because 
their  indications  may  be  affected  by  distant  causes,  or  1^ 
changes  close  at  hand.  Some  of  these  changes  may  ooeiir  rt 
a  greater  or  less  distance,  influencing  neighbouring  r^on^ 
but  not  visible  to  each  observer  whose  barometer  feels  their 
effect. 

There  may  be  heavy  rains  or  violent  winds  beyond  the 
horizon,  and  the  view  of  an  observer,  by  which  his  instnunentB 
may  be  affected  considerably,  though  no  particular  change  of 
■weather  occure  in  hia  immediate  locality. 

It  may  he  repeated  that  the  longer  a  change  of  wind  or 
weather  is  foretold  before  it  takos  place,  the  longer  the  pre- 
saged weather  will  last;  and  conversely,tho8horterthc  warning, 
the  less  time,  whatever  causes  the  warning,  whether  wind  or 
a  fall  of  rain  or  snow,  will  continue. 

Sometimes  severe  weather  from  the  southward,  not  lasting' 

ong,  may  cause  no  great  fall,  because  followed  by  a  duration 

of  wind  from  the  northward,  and  at  times  the  barometer  may 

"  U  with  northerly  winds  and  fine  weather,  apparently  against 

e  rules,  because  a  continnance  of  southerly  wind  is  about 


to  follow.     By  such  changes  as  these  ons  may  be  misled,  and 
calamity  may  be  the  conHequence,  if  not  duly  forewarned, 

A  few  o£  the  more  marked  signs  of  weather,  useful  alike  to 
seunao,  firmer,  and  gardener,  are  the  following ; — 

Whether  clear  or  cloudy,  a  rosy  sky  at  sunset  presages  fine 
mother ;  a  red  sky  in  the  maming  bad  weather,  or  much  wind 
(perhaps  rain);  a  grey  sky  in  the  morning,  lino  weather ;  a 
lu^  dawn,  wind;  a  low  dawn,  fair  weather. 

Boft-looking  or  delicate  clouds  foretell  fine  weather,  wit^ 
moderate  or  light  breezes ;  hard-edged,  oily-looking  clondag 
wind.  A  dork,  gloomy,  blue  sky  is  windy ;  but  a  hght^ 
bii^t  blue  sky  indicates  fine  weather.  Generally  the  softer 
clouds  look,  the  loss  wind  (but  perhaps  more  rain)  may  be 
expected;  and  the  harder,  more  "'greasy,"  rolled,  tufted,  or 
ngged,  the  stronger  the  coming  wind  will  proTe.  Also,  a 
bright  yellow  sky  at  sunset  presages  wind;  a  pale  yellow, 
wet — and  thus  by  the  prevalence  of  red,  yellow,  or  grey  tints, 
the  coming  woalior  may  be  foretold  very  nearly;  indeed,  if 
aided  by  instruments,  almost  exactly. 

Small  inky-looking  clouds  foretell  rain  ;  light  scud  elonds 
driving  across  heu\y  masses  show  wind  and  rain,  but,  if  alone, 
may  indicate  wind  only, 

High  upper  clouds  creasing  the  sun,  moon,  or  stars  in  a 
Erection  different  from  that  of  the  lower  clouds,  or  the  wind 
tien  fcJt  below,  foretell  a  change  of  wind. 

After  fine  dear  weather  the  first  signs  in  the  sky  of  a  coming 
chai^  arc  usually  light  streaks,  curls,  wiajis,  or  mottled 
.  patches  of  white  distant  clond,  which  increase,  and  are  followed 
by  an  overcasting  of  murky  vapour  that  grows  into  cloudinass. 
Tiua  appearance,  more  or  leas  oilj  or  watery,  aa  wind  or  rain 
irill  prevail,  is  an  infallible  sign. 

_  IPsiially  the  higher  and  more  distant  such  clouds  seem  to  be, 
e  gradual,  but  general,  the  coming  change  of  weather 


Eght,  delicate,  quiet  tints  or  colours,  with  soft,  i 

IS  of  clouds,  indicate  and  accompany  fine  weattcr;  but 

gaudy  or  unusual  hues,  with  hard,  definitely  outlined  clouds, 

foretell  rain,  and  probably  strong  wind. 

Misty  clouds  forming  or  hanging  on  heights  show  wind  and 

rain  coming,  if  they  remain,  increase  or  descend.     If  they  riso 

or  duperae,  the  weather  will  improve  or  become  " 


182  PNEUMATICS. 

When  sea-birds  fly  out  early,  and  far  to  seaward,  moderate 
wind  and  fair  weather  may  be  expected;  when  they  hang 
about  the  land  or  over  it,  sometimes  flying  inland,  expect  a 
strong  wind  with  stormy  weather.  As  many  creatures  besides 
birds  are  affected  by  the  approach  of  rain  or  wind,  such  indi- 
cations should  not  be  slighted  by  an  observer  who  wishes  to 
foresee  weather. 

There  are  other  signs  of  a  coming  change  in  the  weather 
known  less  generally  than  may  be  desirable,  and,  therefore, 
worth  notice — such  as  when  birds  of  long  flight,  rooks, 
swallows,  or  others,  hang  about  home,  and  fly  up  and  down 
or  low,  rain  or  wind  may  be  expected.  Also  when  animals 
seek  sheltered  places,  instead  of  spreading  over  their  usual 
range ;  when  pigs  carry  straw  to  their  sties ;  when  smoke 
from  chimneys  does  not  ascend  readily  (or  straight  upwards 
during  calm),  an  unfavourable  change  is  probable. 

Dew  is  an  indication  of  fine  weather ;  so  is  fog.  Neither 
of  these  two  formations  occurs  under  an  overcast  sky,  or  when 
there  is  much  wind.  One  sees  fog  occasionally  rolled  away, 
as  it  were,  by  wind ;  but  seldom  or  never  formed  while  it  is 
blowing. 

Remarkable  clearness  of  atmosphere  near  the  horizon, 
distant  objects,  such  as  hills,  unusually  visible,  or  raised  (by 
refraction),  and  what  is  called  "  a  good  hearing  day,"  may  be 
mentioned  among  the  signs  of  wet,  if  not  wind,  to  be  expected. 

More  than  usual  twinkling  of  the  stars,  indistinctness  or 
apparent  multiplication  of  the  moon's  horns,  haloes,  "  wind 
dogs,"  and  the  rainbow,  are  more  or  less  significant  of  increa- 
sing wind,  if  not  approaching  rain,  with  or  without  wind. 

Near  land,  in  sheltered  harbours,  in  valleys,  or  over  low 
ground,  there  is  usually  a  marked  diminution  of  wind  during 
part  of  the  night,  and  a  dispersion  of  clouds.  At  such  times 
an  eye  on  an  overlooking  height  may  see  an  extended  body  of 
vapour  below  (rendered  visible  by  the  cooling  of  night)  which 
seems  to  check  the  wind. 

Lastly,  the  drj-ness  or  dampness  of  the  air,  and  its  tempera-: 
ture  (for  the  season),  should  always  be  considered,  with  other 
indications  of  change,  or  continuance  of  wind  and  weather. 

On  the  Nature  of  Winds, 
The  rising  of  smoke  in  chimneys  is  caused  by  the  heated 


and  rarefied  air  floating  npwards  through  the  re 
till  it  arrives  at  a,  state  of  tho  atmosphere  equal  t«  itself  in 
density,  carrying  with  it  the  small  particles  of  coal  not  con- 
snmed;  these  attain  a  particular  height,  and  then  fall  again, 
as  is  diacoYorahle  in  all  towns  by  the  dirt  covering  the  win- 
dows, and  the  dust  lying  on  Aimitnre.  On  the  some  principle, 
when  the  air  at  the  earth's  surface  hecomes  heated,  it  rises, 
and  the  colder  and  more  dense  air  rushes  into  its  place,  an 
a  which  constitutes  what  is  termed  icind.  The  snn  is 
itinnally  beating  the  air  at  the  equator,  and  following  the 
irersal  law  it  rises,  creating  a  current  of  wind  &om  the 
them  and  southern  reg^out ;  liut  as  the  earth  is  'whirling 
nrard,  it  makes  the  one  to  blow  north-east,  uid  the  other 
Those  are  the  trade-winds.  When  the  sun  is  on 
t  equator,  those  winds  change  as  the  position  of  the  snn 
'\  regard  to  the  earth  is  altered.  The  loftier  currents  of 
atmosphere  carry  the  heated  air  towards  the  poles,  which 
I' its  passage  becomes  cooled.  liVinds  may  be  termed  strong 
Jirents  of  air. 

In  several  parts  of  the  eaatera  and  southern  oceans,  the 
winds  blow  at  particular  periodic  in  one  direction,  and  ore  called 
periodical ;  they  also  are  dependent  on  the  sun ;  from  the  end 
of  Uarch  to  the  end  of  September  the  winds  set  in  from  the 
aouth-west,  and  for  the  remainder  of  the  year,  when  the  snn 
is  south  of  the  equator,  the  wind  blows  from  the  north-east. 
These  ntonjooiw  or  shifting  winds  are  the  ends,  as  it  were,  of 
the  influence  of  the  trade-winds  in  southern  latitudes,  nearly 
corresponding  to  our  equinoctial  grales  in  the  northern  extrcmi- 
tiea.  During  the  changes,  occur  those  variable  winds  and 
terrible  storms  so  dreaded  by  our  hardy  navigators. 

Between  the  tropics,  on  the  greater  part  of  the  coasts  the 
wind  blows  towards  the  sea  at  night  and  towards  the  shore  in 
tfie  daytime.  How  wonderful  is  this  economy  of  nature ! 
Daring  the  intense  heat  of  the  day  the  air  over  the  heated 
land  becomes  rarefied  and  rises,  while  the  cool  air  from  the 
ocean  flows  in  to  supply  its  place ;  on  the  other  hand,  during 
the  night  the  air  in  contact  with  the  mountains  and  hdls, 
being  cooler  even  than  that  overhanging  the  sea,  flows  down 
jnto  the  Talleys;  thus  is  a  healthfiil  equilibrium  preserved. 
^**'  )  are  called  «m  and  land  breezes.  They  may  be  esem- 
3  by  putting  in  the  middle  of  a  largo  dish  of  cold  wuter 
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a  saucer  filled  with  hot  water ;  the  latter  suppcNsed  to  be  the 
land,  the  former  the  sea.  Take  a  candle  which  has  just  been 
blown  out  and  hold  it  over  the  cold  water, — the  smoke  will  be 
seen  to  move  towards  the  saucer  containing  the  hot  water. 
Again,  fill  the  dish  with  hot  water  and  the  saucer  with  cold, 
then  hold  the  extinguished  candle  over  the  saucer,  and  the 
smoke  will  move  to  the  dish  of  hot  water. 

In  this  country  exist  what  are  called  variable  winds ;  chan- 
ging often  in  the  most  rapid  manner,  the  clouds  passing  in 
different  directions  to  tho  breeze  felt  at  the  earth's  surface. 
Usually  a  south  and  west  wind,  which  blows  from  the  Atlantic, 
brings  warmth  and  moisture ;  a  north  and  east  wind,  cold  and 
dryness.  In  Western  Europe  storms  come  generally  from  the 
south-west,  and  arise  from  the  struggle  of  a  powerful  south- 
west current  with  that  setting  from  the  north-east :  the  south- 
west wind  also  contains  most  moisture.  The  force  of  storms 
IB  accounted  for  by  the  vast  swiftness  of  their  progress. 

Much  attention  has  been  given  by  scientific  men  to  the 
subject,  and  the  following  are  the  results  they  have  arrived 
at: — 

THB  PBEYAILINQ  WINDS  AT  LONDOIT. 

Windf.  Days. 

South-west  .  .  .112 
North-eaat  ....  68 
North-west  ...  60 
West        ....        63 

The  south-west  wind  blows  more  upon  an  average  in  each  month  of 
tho  year  than  any  other,  particularly  in  July  and  August ;  the  north-east 
preyails  during  January,  March,  April,  May,  and  June,  and  is  most  un- 
irequent  in  February,  July,  September,  and  December ;  the  north-west 
occurs  more  frequently  from  November  to  March,  and  less  so  in  Septem- 
ber and  October,  than  in  any  other  months. 

Av«»ge  of  aeven  years,  by  Dr.  Meek,  near  Glasgow : — 
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40 
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In  Ireland  the  prevailing  winds  are  the  west  and  south-west.  If  the 
wind  veers  about  mudb,  rain  will  ensue ;  if  in  changing  it  follows  the 
Gouxae  of  the  son,  it  brings  fair  weather ;  the  contrary,  £wd. 
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Mode  of  CoUeeting  Oasa. 

le  principle  of  the  lighter  fluid  floating  np  through  a 

wier  one  is  exemplifietl  in  that  useful  apparatoB  found  in.  the 

itory  of  the  chemist,  and  eshihited  in  popular  lectures  oa 

of  chemistry — the  pneumatic  trough. 

The  material  from  whith  it  is  desirable  to  evoIvQ  gas  ia 

placed  in  a  retort  a  (fig.  129)  or  other  CMiveniont  apparatus, 

and  sometimes  heated  by  a  epint-lamp  b  or  fire.     TIio  gas 

along  the  pipe-neck  of  the  retort,  the  oad  of  which  ia 

imder  water,  and  leaving  the  pipe,  floats  up  through 
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f&mx  coUected  for  the  purposes  required  by  tho  Kiperiraenter. 
Then  it  is  desired  to  preserve  the  gas,  or  move  it  to  a  distance 
conveniently,  a  bladder  shonld  bo  screwed  on  to  the  top  of  the 
receiver,  which  being  gradually  sunk  in  water,  the  gas  is 
pijahed  upwards  into  the  bladder. 

On  a  largo  scale,  the  operation  we  have  just  described  is 
carried  on  in  those  gas-works  which  supply  towns — -the  vessel 
which  holds  the  gas  being  called  a  gasometer.  This  consists 
of  a  large  cylindrical  vessel  6  6  6  (fig.  130),  made  of  shcot-iron 
""■  Iperfectly  air-tight,  suspended  ranuth  downwards  by  chains 
pulleys  d  d,  and  balance-weights  «  e,  in  a  tank  of  water 
The  gas  flows  in  through  the  water  by  means  of  pipes, 
uses  up  the  receiver.  Other  pipes  are  placed  to  conduct 
the  gas  to  its  destination,  which  uome  out  above  the  water, 
find  by  certain  contrivances  a  steady  pressure  is  kept  up  to 
force  the  gas  out,  thns  giving  a  continuous  even  light  to  all 
consumora.  //are  the  pillam  for  supporting  the  pulleys; 
gas  occupies  the  top,  m  m,  of  tho  gasometer  as  it  rises. 


The  Divliiff  Bell. 

Y  21ie  observation,  that  on  thrusting  a  glass  with  its  mouth 
Tiwards  in  water,  the  air  resisted  the  liquid  so  as  only  to 
1  it  to  rise  a  little  height  in  the  glass,  gave  rise  to  that 
lable  modem  invention  the  Diviru;  Bdl.  By  means  of  this 
mtiDii  much  treasure  has  been  rescued  from  the  bottom  of 
*  ocean,  the  foundations  of  hghthouses  have  been  laid,  the 
"a  of  piers  constructed  under  w^ater,  and  the  foundations  of 
bridges  built  and  repaired.  These  bells,  although  sometimes 
square,  are  generally  in  the  form  denoted  by  their  name.  They 
are  either  made  of  heavy  material,  or  have  appliances  to  cause 
them  to  sink.  "When  lowered  from  tho  attendant  ship  or  barge 
laden  with  workmen,  the  air  becomes  compressed,  and  if  su^ 
to  a  depth  of  34  feet,  tho  air  in  it  is  compressed  to  one-half, 
or  to  a  double  atmosphere.  This  would  allow  of  the  vessel 
being  half-filled  with  water,  while  the  air  would  be  so  con- 
densed that  the  men  would  inhale  at  each  breath  twice  as 
mneh  as  they  were  accustomed  to  do  on  land ;  therefore,  not 
Y  to  eaee  the  pressure,  which  is  according  to  the  depth  the 
n  the  water,  but  also  to  give  vitality  to  the  air,  a  pipe 
Beonnected  with  it,  through  which  fresh  air  is  forced  down  to 
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the  men  by  means  of  a  pump ;  while  at  the  top  of  the  bell  is 
a  cock  by  which  the  air  that  has  been  breathed  is  allowed  to 
escape.  When  it  is  necessary  to  leave  the  bell  to  travel  a 
short  distance,  the  man  having  to  do  so  puts  on  a  helmet,  and 
has  a  pipe  leading  to  it  from  the  bell :  should  the  ground  in 
his  exploring  expedition  be  so  uneven  that  he  either  rises 
above  or  below  the  level  of  the  air  in  the  beU,  he  at  once  feela 
it ;  when  above,  the  air  rushes  to  him,  and  becomes  so  com- 
pressed that  he  with  difficulty  breathes ;  and  if  below,  the 
sluggish  supply  renders  exertion  necessary.  Still,  such  is  the 
present  excellence  of  the  arrangements  for  prosecuting  sub- 
marine labour,  that  it  is  now  undertaken  without  more  than 
the  ordinary  danger  attendant  on  manual  operations,  and 
adopted  as  a  common  branch  of  industry.  On  first  going  down, 
a  painful  sensation  is  experienced  in  the  ears,  which  is  relieved 
by  resorting  to  the  movement  of  swallowing. 

The  situation  of  the  diving  bell  at  the  depth  of  34  feet 
presents  this  difficulty  to  be  overcome — the  water  presses  on 
the  air  in  it  with  a  force  of  15  lb.  per  inch ;  the  power  of  the 
force-pump  to  overcome  this  resistance,  by  which  the  under- 
sea toiler  is  enabled  to  pursue  his  avocations  with  bearable 
comfort,  must  be  extraordinary. 

AMronavtiics, 

A  man  of  a  philosophical  mind,  observing  some  little  boys 
amusing  themselves  in  mixing  soap  and  water,  and  blowing 
bubbles  through  a  pipe,  and  noting  that  if  in  this  childish 
game  the  operation  were  performed  with  cold  water  the  tiny 
globes  speedily  fell  to  the  ground,  and  that  the  hotter  the 
water  the  more  quickly  did  they  soar  aloft,  is  said  to  have  con- 
ceived the  first  idea  of  an  air-balloon. 

The  first  balloons  were  filled  with  air  heated  by  a  ^e  kept 
burning  underneath  the  mouth  of  the  silken  bag:  the  idea 
being  tiiat,  by  burning  straw  and  other  combustibles,  a  cloud 
was  being  formed,  caught,  and  held,  so  that  a  man  might  swing 
from  it  and  take  an  aerial  journey.  When  announced  as  suc- 
cessful, they  were  the  wonder  of  the  age ;  the  world  rang  with 
file  great  discovery,  miracles  were  predicted  as  capable  of  being 
achieved  by  a  flight  into  the  ethereal  ocean,  while,  as  is  often 
the  case  in  scientific  researches,  the  impiety  of  the  act  was 


meed,  and  stated  to  be  deserring  the  Yongoance  of  the 

The  hot-!ur  baUoon*  were  succeeded  by  those  filled  with 
hydrogen  gaa;  but  upon  the  cai-buretted  hydrogen  uaod  for 
the  purpoBc  of  lighting  towns  being  eitcnsively  manufactm'ed, 
the  afiTonauts  found  it  more  advantageoua  to  increase  the  size 
of  their  silken  Tamisilisd  bags,  and  fill  them  with  cominon 
coal-gaB,  than  bare  them  emallerj  and  filled  by  the  lighter  gas 
of  pure  hydrogen. 

It  Ib  found  that  a  balloon  when  filled  with  gas  is  only  the 
eighth  of  the  weight  of  the  enrrounding  atmosphere;  thus  if 
the  weight  of  the  quantity  of  cubic  feet  of  common  air  ueees- 
eary  t«  fill  a  balloon  were  1600  lbs.,  tho  same  quantity  of  gas 
■would  only  weigh  200  lbs. ;  and  if  iho  weight  of  the  apparatus 
be  another  21X)  lbs.,  the  balloon  would  lift  1200  Ibe.  Should  the 
balloon  be  filled  before  starting  an  its  aerial  voyage,  some  gas 
must  be  allowed  to  cecape,  else  in  its  ascent  it  would  e:(pitnd 
and  burst  its  silken  prison.  Not  only  has  this  point  to  bo  re- 
gai'ded  by  the  managers,  but,  on  being  balanced  in  the  air,  the 
machine  must  be  hghtened  by  casting  out  ballast.  On  rising 
beyond  a  certain  height  the  gas  has  again  to  be  emitted,  as  the 
air  become  more  rarefied ;  thus  the  more  this  ascent  progresses, 
the  more  the  power  of  buoyancy  decreases,  and  a  descent  at 
length  becomes  necessary,  requiiing  skill  in  eflfecting  it  safely. 

Man  has  been  gratified  in  viewing  places  under  an  aspect  he 
never  could  have  done  but  for  balloons.  The  benefit  to  society 
from  their  invention  has  been  comparatively  nothing,  as  no  one 
has  hitherto  succeeded  in  guiding  them  ;  in  tho  air  they  are 
the  creatures  of  every  cnrrent,  and  are  driven  by  them  whither 
they  list.  Gay-Lussac.  the  celebrated  French  chemist,  as- 
cended to  tho  height  of  22.960  feet,  upwards  of  four  miles  and 
a  quarter,  for  the  purpose  of  seientifte  investigation.  TTih 
princt])al  object  was  to  ascertain  if  tho  magnetic  infiuence 
existing  at  the  earth's  surface  ceased  at  a  certain  elevation,  but 
lie  conld  not  discover  any  sensible  difference.  The  air  he  also 
'  '  J  consist  of  the  same  elements  as  that  of  the  lower 
onsiderable  difficulty  was  found  in  respiration,  and 
a  current  of  upwards  of  60  miles  an  hour. 
ing  the  autumn  of  1852,  four  balloon  ascents  were 
yj  Mr.  Welsh,  under  the  guidance  of  the  distinguished 
lant,  Ur.  Green.     Attention  vae  chiefly  directed  to  the 


determination  of  the  pressure,  t«mperataro,  and  moisture  q 
the  air  at  different  altitudes.  The  deoroaae  of  temperature  : 
ascending  ivas  verf  itregrUar, — being  changed  even  in  som 
cases  to  an  ineretise ;  but  the  mean  result  gives  b.  decrease  g 
1*  Falir.  for  every  34S  feet  of  ascent, — agreeing  within  5  orff 
feet  with  the  result  obtained  by  Gay-Luasac.  The  greatest 
height  attained  by  Mr.  "Welsh  was  22,940  feet.  A  repetition 
of  similar  observation  in  aacents  made  from  different  points 
of  the  earth's  surface  could  scarcely  fail  to  lead  to  valuable 
information  fur  the  science  of  meteorology. 

The  great  Sassau  balloon,  constructed  by  the  veteran  aero- 
naut Green  for  navigating  the  aerial  oceun,  is  64  feet  diumeter, 
and  when  filled  holds  80,000  cubic  feet  of  gas.     The  weight 
of  the  silk  is  80  lbs. ;  the  greater  cable  and  grappling-iron  3^ 
owt.,  the  smaller  one  1  j  cwt.,  both  of  which  are  taken  up  in 
rongh  weather ;  the  iron  ring  to  which  the  netting  is  affixed, 
and  from  which  the  e«r  is  suspended,  is  3i  ewt. ;  the  ontii^— 
weight  it  will  carry  when  loaded  to  the  utmost  is  6000  Ibs.jS 
if  filled  with  pure  hydrogen,  it  would  carry  np  40,000  ltt^| 
The  large  cable  is  3^  inches  in  circumference,  and  hoa  indi^H 
rubber  interwoven,  that  its  elasticity  may  bo  increased.     TU^| 
greatest  number  of  persons  who  liave  asc«nded  in  it  at  oi^H 
time  to  enjoy  the  wonders  and  participate  in  the  dangers  of  B^H 
aerial  voyage,  has  been  eighteen.     A  barometer,  prescrvo^f 
with  ndigious  core  by  this  skilful  aeronaut,  shows  the  meraH 
cuiy  to  have  heca  once  as  low  as  7^  inches,  which  wouUH 
give  the  height  attained  about  six  miles.     He  states  tha^| 
all  the  moisture  in  the  higher  regions  was  in  a  frozen  stat^f 
as  snow,  und  not  as  vapour ;   and  that  even  on  the  fine^H 
and  hottest  day,  when  not  a  cloud  was  visible,  the  boUoou  wa|fl 
covered  by  8  inches  of  snow.  ^H 

The  difficulty  in  aerial  voyages  is  that  the  motion  of  th^B 
balloon  cannot  be  directed  by  Uig  aeronaut.    Kg.  131  is  the 
representation  of  an  attempt  once  made  to  overcome  this  dif- 
ficulty by  the  aid  of  a  wind-sail. 

One  of  many  attempts  to  govern  these  aerial  machines  was 
that  of  Mr.  Bell,  who  made  the  experiment  in  the  summer  of 
1850.  The  machine  was  of  a  cylindrical  form  with  conical 
ends,  having  its  greatest  length  placed  horinontolly,  or  in  the 
direction  in  which  it  was  to  travel.  In  pUice  of  the  rope-J 
netting  in  ordinary  use,  the  patentee  used  flat  silken  bandflfl 


tor  the  purpose  of  Btrongtheniiig  the  ballonn,  and  aSbrdmg  an 
stttiehment  to  the  framework  and  car.  These  were  placed 
longitudinally,  tmnaversely,  and  diagonally,  round  the  ballooiL. 
Mr.  Bell  also  introduced  some  improroments  in  the  valve 
apparatus  (fig,  132), 


The  car  was  formed  after  the  fashion  of  a  canoe  or  boat. 
The  propellers  were  on  the,  principle  of  the  screw-propeller. 
If  two  were  to  he  used,  they  were  placed  one  on  each  side  of 
the  ear,  as  in  the  engraring  ;  if  but  one,  it  was  to  be  placed 
between  the  car  and  the  balloon,  supported  in  a  strong  but 
light  framework,  to  which  was  attached  the  steering  apparatm 
or  tail.  This  apparatus  was  constructed  so  as  to  have  a  hinga 
and  a  rotating  motion,  to  obtain  the  necessary  moromenla  of 
an  extended  surface  or  fan,iiL  all  respocts  similar  to  the  tail  at 
a  bird,  that  the  guiding  or  directing  of  the  machine  might  bo 
under  the  control  of  the  aeronaut.  By  the  combination  of  tlw  , 
above  motions,  the  steering  apparatus  might  be  moved  in  any 
direction,  cither  up  or  down,  laterally,  or  in  any  diagonal  of 
these,  thus  (it  was  hoped)  regulating  the  direction  of  the 
I  machine  in  ite  passage  tlirongh  the  air. 

This  ingenious  contrivance  failed,  and  the  inventor  and  his 
I  balloon  was  seen  by  those  who  witnessed  their  trial  trip,  to 
1  drift  along  with  the  wind  Hke  the  aiironauts  who  preceded  him. 

Air  Engines, 
The  Air-gan. — ^By  reversing  the  valves  of  the  Mr-pnmp,  s 
[  condenaing  syringe  is  eaeily  made.     Some  use  has  been  mode 


(^this  cundensatdon  of  air,  and  it  bos  been  substituted  for 
numng  power  of  bullets  in  what  are  called  air-guns,  instead 
of  the  gaaes  created  by  firing  gunpowder.  In  tiiese  guns,  a 
condensing  ajringe  fills  a  cavity  baring  a  valve  opening  in  wards, 
just  bebind  tbe  bullet,  which  fits  the  barrel  exactly.  The  air 
boing  condensed  about  forty  timea  as  much  as  the  atmosphere, 
possesses  a  force  of  about  forty  times  15  lb.  on  the  inch,  and, 
upon  the  trigger  being  touched,  a  valve  is  opened,  which, 
alloving  the  air  to  rush  out,  propels  the  buUet  with  this  force. 
Tbe  air  closes  the  valve  the  instant  the  finger  is  withdrawn 
from  the  trigger.  Each  diachai-ge  is  weaker  than  the  one  pre- 
ceding, from  the  air  becoming  less  dense.  Some  of  these  guns 
have  reaerroira  of  buUets,  so  that  a  continuous  firing  may  be 
maintained  as  long  as  the  condensed  air  lasts.  Tbe 
is  merely  the  barrel  of  the  gun  with  the  air  previoualy  insi 
by  means  of  a  condensing  syringe. 

Pittumatic  Pile-drii'trs. — By  the  application  of  a  pne»*' 
matic  prinuple,  a  most  important  improvement  has  taken  place 
in  pUe-driving  for  the  foundationa  of  bridges,  piers,  and  other 
erections  in  water  where  the  ground  consists  of  mud,  sand, 
earth,  gravel,  or  clay.  Instead  of  having  large  beams  of 
timber  driven  in  by  the  force  of  a  weight  dropped  from  a 
height,  tbe  piles  are  cast-iron  cylinders  ;  theee  are  hollow  and 
placed  perpendicularly  over  the  spot  where  they  are  required 
to  be  simk  ;  the  top  is  made  air-tight  by  fixing  on  it 
iron  plate  through  which  a  tube  ia  passed  connected  with 
common  mr-pump.  On  working  the  pump  a  partial 
is  created  in  the  eaat-iron  tube,  and  the  earth  or  oti 
stance  at  the  hottom  consequently  rises  up,  while  the  tube 
deoecndfl  into  the  place  thus  made  for  it.  On  building  a  bridge 
across  the  Shannon,  the  pneumatic  piles  were  of  the  enonnous 
sue  of  ten  feet  diameter ;  had  timber  been  employed,  the  piles 
would  have  heen  one  foot  square.  A  vacuum  insido  the 
tubes  equivalent  to  13  lbs.  on  a  square  inch  was  created  by  the 
mr-pomp,  and  the  descent  of  the  ponderous  tubes  iuto  a  bed 
of  yellow  clay  seemed  a  work  of  magic.  Thus  it  is  that_ 
Bcienue  is  ever  aiding  the  industry,  the  comforts,  and  tbe  safet 
of  mankind. 

An  atmospheric  pile-driving  machine  has  been  patented  b 
Heesrs.  Clarke  and  Varley,  and  was  used  at  Irongate-whan_ 
London,  in  sinking  the  ordinary  timber  piles.     In  the  conuu<4 
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engine  for  this  purpose,  the  weight  of  the  rammer  is  necessa- 
rily limited  by  (ho  amount  of  manual  power  that  can  be 
brought  to  boar  upon  it;  and  the  necesBary  amount  of  force 
in  the  blow  is  made  up  by  the  height  from  which  the  rammer 
IB  made  to  fall.  But  on  the  principle  we  stated  under  the 
head  of  Momentitni,  it  is  found  that  a  succeHsion  of  short  quick 
blows  with  a  heavy  hammer  does  the  work,  not  only  with  much 
greater  speed,  but  in  every  way  with  greater  effieiency ;  also 
damaging  the  timber  leas,  and,  in  fact,  forcing  it  through  bard 
ground  which  by  ordinpry  methods  it  would  be  found  impoa- 
dble  to  penetrate.  By  this  invention,  it  would  eeem  that  the 
power  of  a  steani-engine  fcsed  at  any  convenient  spot  can, 
through  the  medium,  of  atmospheric  pressure,  be  made  avail- 
able at  any  required  distance  by  the  simple  application  of  a 
vacuum  cylinder  with  its  apparatus  of  aelf-acting  valves, 
chains,  and  pulleys,  and  be  attached  to  a  pile-driving  macbiiiB 
of  the  common  construction. 

The  machine  was  worked  by  a  small  high-prcBsure  steam- 
engine  fixed  on  the  shore,  to  which  was  attached  an  air-pump 
for  prodacing  exhaustion.  Communication  was  made  with  the 
pilfi-machino  by  lengths  of  small  galvanized  iron  pipes,  con- 
nected together  by  flexible  joints.  Within  this  was  a  piston, 
connected  by  an  iron  rod  to  a  chain  which  passed  over  a  pulley 
on  the  top  of  the  frame,  the  other  end  of  the  chain  being  fixed 
to  a  suspended  pulley ;  over  this  passed  a  second  chain,  one 
end  of  which  was  attached  to  the  rammer,  and  the  other 
passed  down  to  the  bottom  of  the  engine,  whence  again  retuni- 
ing  upwards,  it  was  fastened  to  the  top  of  the  pile.  The 
action,  then,  was  this :  the  rammer  being  down  on  (ie  head  of 
the  pile,  and  the  piston  consequently  at  the  top  of  the  air- 
cylinder,  the  air  in  the  cylinder  was  rarefied  by  the  action  of 
the  air-pump  above,  until  tlia  external  pi-essuro  was  Buffldent 
to  counterbalance  the  weight  of  the  rammer ;  this  then  imme- 
diately rose,  and  as  soon  as  the  piston  reached  the  bottom  of 
the  cylinder,  a  motion  took  place  in  tho  self-acting  slides,  by 
which  the  air  was  suddenly  admitted  under  the  piston :  equi* 
librinm  lietween  the  pressures  above  and  below  being  liuiB 
restored,  the  rammer  immediately  fell  with  its  whole  force  on 
the  pile,  bringing  in  ita  progress  the  piston  again  to  the  top  of 
Hie  cylinder,  when,  the  slides  being  reversed,  the  operation  was 
,  repeated.     Thus  a  constant  succeaaion  of  short  heavy  blows 
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H  given,  and  did  not  cease  until  the  pile  was  driven  to  the 
Squired  distance  into  the  boU.  And  as,  by  the  arrangoment 
of  puJlejs,  tJie  distance  between  the  pile-head  and  the  rummer 
vaa  always  the  same,  a  regularity  of  action  was  obtained, 
quite  uninowu  in  the  old  pile-driver. 

Atmospheric  Locotnotivea.^-The  cost,  the  weight,  and  the 
bulk  of  coal  neeesaary  t«  generate  steam,  have  led  many  inge- 
nious persons  to  attempt  the  discovery  of  a  newpower  to  work 
machinery,  and,  as  the  cheapest  and  most  universal  material, 
they  have  tried  to  use  air  for  that  purpose.  The  force  existing 
in  tiiat  elastic  fluid,  when  compressed  or  rarefied,  is  the  power 
that  many  ingenious  men  have  been  straining  their  inventive 
faculties  to  enchain  and  make  obedient  to  their  will ;  this  has 
been  effected  with  partial,  not  complete  success, 

At  an  iron  foundry  in  Dundee  was  erected  an  air-engine, 
patented  by  Mr.  Sterling.  In  this  engine  two  strong  air- 
tight vessels  are  connected  with  the  opposite  ends  of  a  cylinder, 
in  which  a  piston  works  in  the  usual  manner.  About  four- 
fifths  of  the  interior  space  in  these  vessels  is  occupied  by  two 
similar  air-vessels,  or  plungers,  suspended  to  the  opxwsitc  ex- 
tremities of  a  beam,  and  capable  of  being  alternately  moved 
np  and  down  to  the  extent  of  the  remaining  fifth.  By  the 
motion  of  these  interior  vessels,  the  air  to  be  operated  upon  is 
mored  from  one  end  of  the  exterior  vessel  to  the  other ;  and 
as  one  end  is  kept  at  a  high  temperature,  and  the  other  as  cold 
as  possible,  when  the  air  is  brought  to  the  hot  end,  it  becomes 
heated,  and  has  its  pressure  increased ;  whereas  its  heat  and 
pressure  are  diminished  when  it  is  forced  to  the  cold  end. 
How  as  the  interior  vessels  necessarily  move  in  opposite  direc- 
tions, it  follows  that  the  pressure  of  the  enclosed  air  in  the 
one  vessel  is  increased,  while  tha.t  of  the  other  is  diminished ; 
a  difference  of  pressure  is  thus  produced  upon  the  opposite 
sides  of  the  piston,  which  is  thereby  made  to  move  from  one 
end  of  the  uylinder  to  the  other ;  and  by  continually  reversing 
tlie  motion  of  the  suspended  vesseb  or  plungers,  the  greater 
preiisiire  is  successively  thrown  upon  a  different  side,  and  a 
redproeating  motion  of  the  piston  kept  up.  The  piston  is 
oonnectrd  with  a  fly-wheel,  in  any  of  the  usual  modes,  so  as  to 
communicate  motion  to  machinery.  A  furnace  is  Brrsngod  to 
lieat  one  end  of  the  air-vesseb,  and  a  water-pipe  refrigerator 
to  otwl  the  otherj  and  the  air  traverses  numerous  small  chan- 
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nelfi  in  its  course  from  the  one  end  to  tho  other,  in  such  a 
mode  as  to  economise  the  heat. 

Ingenious  contrivances  have  been  made  public,  for  propelHng 
railway  carriages  and  other  machines  by  ttie  explosion  of  gun- 
powder continuously  in  small  quantities,  and  also  by  the 
flashing  into  vapour  of  liquid  corboniu  aeid  and  ammoniacBl 
guses ;  but  the  public  do  not  eeea  to  like  the  idea  of  bdng 
sent  to  the  end  of  their  journeys  by  explosions  and  flashes, 
and  the  schemes  have  nmde  no  progress. 

Some  years  ago  an  atmospheric  carriage  ran  on  the  tumpke 
road  Irom  Putney  to  Wandsworth  at  a  speed  of  twelve  mile* 
an  hour.  The  air  reservoir  measured  seventy-five  cubic  feet, 
and  by  the  aid  of  a  steam-engine  the  air  was  compressed  to  a 
foroe  of  fifty  atmospheres,  or  about  700  lbs,  on  a  square  inch. 
Prom  its  discontinuance,  and  the  example  not  being  followed, 
we  may  justly  suppose  it  was  unsuccessful.  In  this  and  the 
other  engine  described,  the  motive  power  was  coinprcgsed  air; 
in  others  the  eaihatistion  of  -air  is  resorted  to  us  a  means  of 
traction, 

Mr.  VaUance  at  first  proposed  to  form  tunnels  of  suffi- 
cient dimensions  to  hold  carriages;  which  being  introduced 
at  one  end,  the  air  was  to  be  exhausted  by  a  ateam-engine  at 
the  other  end,  when  the  carriages  would  be  shot  along  by  the 
pressure  ot  the  atmosphere  at  the  open  end.  The  plan  was 
considered  ingenious,  but  not  of  practical  utihty.  It  was, 
however,  suggested  thattho  plan  could  be  adapted  to  the  trans- 
mission of  letters,  newspapers,  Aic,  but  no  steps  were  taken 
for  carrying  the  suggestion  into  practice. 

In  1834,  Pinkus  brought  forward  a  plan  by  wb'cb  the  car- 
riages might  travel  outside  the  tube  instead  of  inside,  and  this 
led  to  what  is  now  known  as  the  atmospheric  railway  (see 
below).  An  experiment  at  "Wormwood  Scrubbs  showed  that 
a  load  of  six  tons  could  be  propelled  at  a  rate  of  30  miles 
an  hour  with  a  tube  holding  the  piston  rod  of  9  inchea 
diameter.  The  estenaion  line  of  the  Dublin  and  Kingstown 
Bailway  to  Dalkey,  a  distance  of  about  a  mile  and  three  quar- 
ters, required  to  have  extremely  steep  gradients,  frequonUy  bh 
much  as  1  in  50  feet,  and  sharp  curves.  The  usual  locomo- 
tives being  inapplicable,  the  atmospheric  principle  was  called 
into  requisition,  and  with  a  vacuum  of  26  inches  a  speed  of 
35  miles  an  hour  was  obtained.    The  carriages  returned  by 
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T  own  gravity.  The  Croydon  Railway,  with  a  vacuam  in 
I  tilo  tuba  of  27  inchee,  obtained  a  speed  of  60  miles  aji  hour; 
on  this  railway  a  train  of  10  carriages,  weighing  50  tons,  waa 
propelled  at  a  rat«  of  35  milefi  an  hour.  The  diameter  of  the 
tube  was  15  inches,  the  air-pump  6  feet  3  inches  in  diameter, 
tiie  engines  three  miles  apart,  and  a  power  of  300  horees 
employed  for  the  whole  (hatiuw*.  The  steepest  plane  was  1 
foot  in  60.  But  the  principle  of  atmoapherio  propulsion,  from 
the  frequent  derangement  of  the  mechanism,  has  been  aban- 
doned on  this  line,  and  locomotive  engines  adopted. 

Pilbrow,  in  1844,  made  several  ingenious  improvemonts  in 

this  system,  hut  it  has  not  gained  approval  from  scientific  men. 

The  following  is  a  doscriptioa  of  the  principle  and  working 

If  Buch  an  atmospheric  railway. 


In  the  fttmoaphi 

's  laid  between  the  rails 


Fig.  133. 

railway,  a  pipe  of  about  twelve  inches 

which  the  carriages  run  j 
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this  pipe  is  ezhaosted  at  one  end  by  an  air-pump ;  a  travel- 
ling pishm  is  forced  along  it  by  the  pressure  of  the  atmosphere ; 
and  a  rod,  or  plate,  of  iron,  connecting  the  piston  with  the 
oarriagns,  traverses  a  slit  on  the  top  of  the  pipe.  The  great 
difficulty  to  be  overcome  was  to  cover  this  alit  with  a  substance 
vhich  would  be  air-tight,  and  yet  would  permit  the  conneot- 
ing-rod  to  pass  without  offering  much  obstruction  The  plan 
adopted  by  Ueasrs.  Clegg  and  Samuda,  the  projectors  of  the 
syst^n  as  improved,  will  be  best  understood  by  reference  to 
tjie  accompanying  diagramB. 

Fig.  It3  represents  a  vertical  section  of  the  pipe.  The 
opening  at  the  top  is  covered  by  a  contmuous  valve  G,  extend- 
ing the  whole  length  of  the  pipe.  It  is  formed  of  leather 
riveted  between  two  iron  plates.    The  upper  plate  is  wider 


Fig.  134. 
than  the  slit,  and  prevents  the  leather  Irom  being  pressed  in 


3  pressure  of  the  atmosphere ;  the  lower  plate  juat  fits 
me  slit,  aiid  is  curved  to  the  shape  of  the  pipe.  One  edge  of 
the  leather  is  fastened  to  a  longitudinal  rib  cast  along  the  open- 
ing,  and  forms  a  hinge,  ae  on  a  common  pump-valve.  The 
other  edge  of  the  valve,  when  it  covers  the  opening,  forms, 
with  a  ridge  cast  on  the  pipe,  a  channel  or  trough  on  its  whole 
extent,  a  section  of  which  is  shown  at  F  (fig.  134),  This 
trough  is  filled  with  a  composition  of  bees-wax  and  tidlow, 
whi^,  when  melted  and  cooled,  adheres  to  the  side  of  the 
Talve  and  keeps  it  air-tight.  Aa  the  travelling  piston  is'  forced 
along  the  pipe,  one  side  of  the  Talve  is  raised  bj*  four  small 
wheels  fixed  behind  the  piston,  so  aa  to  admit  the  connecting 
rod  C  to  pass  aa  in  fig.  133.  The  opening  thus  made  also 
admits  the  air  to  act  against  the  piston.  The  rupture  thus 
made  in  the  composition  of  wax  and  composition  of  wax  and 
tallow  is  cemented  again,  before  the  train  passes,  in  the  fol- 
lowing manner : — A  steel  wheel  R  (fig.  134),  regulated  by  a 
sprii^,  is  attached  to  the  carriage,  and  presses  down  the  valve 
immediately  after  the  connecting  arm  has  forced  it  open,  and 
a  copper  heater  N,  abont  five  feet  long,  filled  with  burning 
charcoal,  passes  over  the  composition  and  melts  it,  thiia  leaving 
the  valve  air-tight  as  before,  and  ready  for  the  next  train.  A 
protecting  cover  I,  formed  of  thin  plates  of  iron  about  five  feet 
long,  and  hinged  with  leather,  is  placed  over  the  valve  to  pro- 
tect it  from  rain  or  dust.  It  was  arranged  to  have  each  pipe 
aboat  three  miles  long,  with  a  stationary  engine  for  each 
length  of  piping  to  exhaust  the  air ;  and  another  arrange- 
ment by  means  of  which  the  piston,  as  it  approached  the  end 
of  the  pipe,  opened  a  valve  and  admitted  it  into  the  next  length 
of  piping,  80  that  the  train  might  proceed  from  the  one  to  the 
other  without  stopping. 

It  is  evident  that  as  the  tractive  force  is  derived  entirely 
from  the  pressure  of  the  atmosphere  on  the  piston,  its  amount 
will  depend  on  the  area  of  the  piston,  and  on  the  extent  to 
which  the  exhaustion  of  the  air  can  be  carried  by  tho  air- 
pump.  It  must  also  be  evident  that  the  difficulty  of  keeping 
the  pipe  air-tight  will  increase  with  its  length,  and  with  the 
pressure  obtained.  The  vacuuni-pipe  on  the  branch  of  the 
Birmingham,  Bristol,  and  Thames  Junction  Railway,  where 
the  atmospheric  syatem  ia,  or  was,  in  operation  for  a  few 
' )  only  nine  inches  intamal  diameter,  and  but  half 
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.Vule  long.  A  part  is  on  an  incline  of  1  in  120,  and  port  1  in 
vacuum  equal  in  some  iustoniKS  to  a  column  of  mer- 
cury 23-^  incbfw  high  has  been  obtained,  ttnd  loads  uf  13  tons 
have  been  propelled  at  a  Bpe«d  of  20  miles  on  hour,  On  the 
Dalkey  branch  of  the  Dublin  ojid  Kingstown  Eailway,  the 
pipe  is  15  inches  in  diameter,  and  its  length,  so  far  tts  it  has 
been  tried,  is  ona  mile  and  a  quartor.  The  average  incline  ia 
1  in  100.;  the  exhaustion  has  been  extended  to  22^  inches  of 
mereury,  and  three  carriages  loaded  with  passengers  have  been 
propelled  up  the  incline  at  a  speed  exceeding  40  miles  an  hour, 

A  stationary  engine  of  llO-horse  power  would,  it  is  stated, 
be  adequate  to  exhaust  a  pipe  of  18  inches  in  diameter,  2j 
utiles  long,  in  four  minutes  ;  and  trains  might  be  started  each 
way  every  quarter  of  an  hour,  and  convey  daily  5000  tons. 

The  leather  valve  of 
the  exhausting  pipe  is 
the  weak  point  in 
these  arrangements, 
and  one  which  it  seems 
cannot  be  improved 
npon.  On  the  Croydon 
line  the  rats  once  eat 
the  leather,  and  thus 
brought  the  whole  to 
a  standstill. 

In  1846Mr.Parsey  / 
exhibited  in  London  a  ( 
model  of  a  locomotive  ' 
igine    which    he 
patented. 

Kg.  135  is  a  side 
Ltion  of  the  entire 
carriage,  with  the 
working  parts  of  the 
engine  shown  in  sec- 
tion. Fig.  136  is  an 
end  elevation  of  ditto ; 
and  fig.  137  a  plan  of 

engine  and  part  of  nir-veBSels;  the  letters  of  reference  & 
Bponding  in  each  diagram. 


model 

m 


i  are  receivers  of  compressed 


a  tube  connecting 
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the  rooeivere,  from  which  the  aJr  passes  up  the  supply-pipo  C 
into  the  equalizing  cylinder  b  at  s.  Attached  to  the  top  of  the 
equalizing  cylinder  e  is  a  self-acting  upparatus  for  adjusting  the 
supply  of  iir  to  the  working  Kylinilera  k  k;  this  ia  effected  hy 
setting  the  spring  f 


i  Bs  to  press  down 
the  valve  m  with  a 
force  equal  to  that 
at  which  the  engine 
is  to  be  worked,  say 
60  lbs.  per  inch. 
"Wh  euever  .therefore , 
the  pressure  in  b  be- 
comes greater  than 
that,  the  valve  u  is 
forced  up,  and  par- 
tially closesthe  valve 
o ;  thereby  limiting 
the  supply  from  the 
receivers    a  *,     and  ^* 

preserving  a  unifonn  pressure  in  e.  The  condensed  air  isooo- 
ducted  into  the  working  cylindere  kk  through  the  sliding 
valves,  in  the  same  manner  as  Bteam,  and  ia  admitted  or  shut 
off  by  raising  or  depressing  the  handle  of  the  Ht«p-cock  i. 
Motion  is  communicated  from  the  cross-head  direct  to  thft 
crank -axle  of  the  driving  wheels  by  the  connecting  rods  hh, 
Lt  are  for  connecting  the  hose  or  pipe  of  the  stationary  reaer- 
voirs  with  the  receivera,  when  a  fresh  supply  of  condeuBed  air 
is  required. 

The  inventor  proposed  eonstmoting  the  receivera  a  a  of  his 
air-engine  so  as  to  sustain  a  pressure  of  from  1000  lbs.  to 
2000  lbs.  per  square  inch;  whilst  the  working  pressure  supplied 
to  the  engine  from  the  equalizing  cylinder  would  be  60  lbs.  per 
inch.  But  this  could  be  increased,  and  the  speed  thereby  vaiied 
from  twenty  to  a  rate  equal  to  a  hundred  miles  per  hour. 
One  charge  to  suffice  to  drive  an  engine  fitty  miles,  with  a 
train  of  40  tons  attached. 

It  was  also  proposed  to  erect  stationary  engines  on  a  railway 
line,  at  intervals  of  about  thirty  miles ;  irom  those  a  fr«eh 
'r  could  be  obtained  as  readily  as  the  engines  are 
at  present  supplied  fri>m  the  water  cranes.     Mr.  Parsey  stated 
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kt  the  6rst  coat  of  the  engines,  and  the  working  of  them, 
rfd  be  about  half  of  the  present  expense  of  ordiiary  loco- 
motives, while  there  was   the    adrantago  of  tenders  being 
unoeeeasiuy. 

These  inventions,  douhtlesa,  arc  very  ingenious;  they  are 
>^lie  wondeiB  of  the  day,  but  die  n  natural  death,  and  tire  en- 
"""ibed  among  the  numberless  fruitless  creations  of  man's  huBy 
_^  in.  Compressed  air  will  giye  out  no  more  power  than  that 
k<M^ended  in  producing  the  compression,  &oni  which  also  has 
to  be  dedacted  the  power  necessary  to  overcome  friction ;  but 
beeidee  this  there  is  another  serious  drawback  that  the  enthu- 
siaBtic  inventor  appears  to  overlook :  on  compressing  air  into 
B  vessel  a  coneiderable  amount  of  latent  heat  is  roused  into 
action,  the  natural  consequence  of  which  is  a  tendency  to 
eKpond  the  air  in  the  vessel,  hence  that  expansion  ufi'ers  a 
resistance,  to  conquer  which  more  power  has  to  be  applied 
that  will  not  he  returned;  there  is  in  fact,  then,  both  the 
compression  and  expansion  to  be  subdued.  Again,  on  the 
compressed  sir  being  allowed  to  come  in  contact  with  the  at- 
mosphere, cold  is  produced,  as  we  know  when  we  contract  the 
muscles  of  the  chest,  narrow  the  orifice  of  the  mouth,  and  eject 
the  air  of  the  lungs  with  force :  therefore  there  is  at  once  a 
positive  loss  in  air-machines,  as  the  power  generated  by  the 
heat,  which  had  power  expended  upon  it  that  it  might  be 
flubdued,  is  entirely  lost.  The  wont  of  attention  to  simple 
principles  has  caused  much  labour  to  be  fhiitlesaly  expended.    I 

SUiim,  OTul  its  application. 
When  a  quantity  of  water  ia  heated  until  it  arrives  at  a 
certain  fixed  temperature,  an  elastic  fluid  or  aqueous  vapour 
is  evolved  ;  this  is  called  steam,  and  resembles  in  many  of  its 
properties  common  air.  like  air,  it  is  elastic,  capable  of  being 
reduced  in  bulk  by  compression  ;  the  pressure  which  it  eserta 
in  the  vessel  into  which  it  is  compressed  being  ozoctly  in 
proportion  to  the  amount  of  compression.  Like  air,  steam  is 
also  capable  of  an  increase  of  volume  or  bulk ;  this  eipauMon 
reducing  the  pressure  on  the  vessel  in  which  it  is  allowed  to 
expand  just  in  proportion  to  tha  amonnt  of  expansion.  The 
first  property  of  steam  now  mentioned  ia  termed  ita  elasiieitt/, 
the  second  its  escpansib'ility ;  although  having  these  propertieo 
in  common  with  fluid  gases,  steam  is  distinguished  by  the  term 
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of  aquooua  vaponr,  inasmuch  as  it  differs  from  a  gna,  which 
retains  ponuaneiitly  its  ganeoiis  condition  under  ordinaiy 
drcumstances ;  whUe  steam,  reijuires  to  be  kept  at  a  tuuCorm 
temperoturo,  otberwiae  it  changes  its  condition,  and  reluma  to 
its  original  form  of  liquid.  Tliis  property,  by  which  steam  is 
readily  converted  into  water,  is  of  immense  importance ;  by 
yirtue  of  this  property  the  power  of  steam  is  made  avaUable  in 
what  are  termed  condensing  engines,  and  offers  tho  readiest 
means  of  forming  a  vacuum  in  the  cylinder,  into  which  com- 
paratively  Uttb  force  is  required  to  press  the  piston. 

When  a  qaaatity  of  water  is  placed  in  a  boiler,  and  heat 
applied  to  it,  a  circulation  of  the  particles  of  water  immediately 
commencoE ;  those  nearest  the  bottom,  receiving  a  oertais 
quantity  of  heat,  expand  and  rise  upwards ;  the  colder  portion, 
taking  their  pbice,  and  becoming  hented  in  their  torn,  riaej 
small  air-bubbles  become  formed  at  the  bottom  after  the  above 
process  has  gone  on  for  a  certain  time ;  these  hubbies  contain 
aqueous  vapour ;  these  rise  upwards,  and  on  coming  in  contact 
vith  the  colder  portions  above,  ore  cooled  or  condensed,  and 
give  out  their  heat  to  tho  surrounding  particles.  This  process 
continues  until  the  whole  mass  becomes  of  a  uniform  heat,  and 
B,  fixed  temperature  has  been  arrived  at.  After  this,  however 
long  the  beat  might  be  applied  to  the  boiler,  the  water  would 
not  increase  in  temperature ;  but  the  rising  of  the  steam- 
bubbles  would  become  so  rapid  that  the  whole  mass  would  be 
in  a  state  of  agitation,  and  a  vapour  would  be  evolved  in  lai^ 
quantities ;  this  vapour,  as  before  stated,  is  steam,  and  is  in- 
visible like  common  air.  Tbe  fixed  temperature  already 
alluded  to  is  what  is  termed  the  boiling'point.  Under  the 
ordinary  atmospheric  pressure  at  the  level  of  the  sea,  the 
boiling-point  of  fresh  water  is  212°  Fahrenheit,  that  of  sdt 
■water  being  somewhat  higher,  or  about  213°'2 :  in  the  genera- 
tiott  of  steam  of  a  high  pressure  the  boiling-point  varies, 
increasing  in  proportion  to  the  pressure.  With  a  pressure  of 
16  lbs.  to  the  square  inch,  the  temperature  at  which  the  water 
boil8is216°-3;atl81b8.totheinch,222°-7:  at201bs.,228''-4! 
at251bfl..240''-9:  at  SOlbs..  251°-4;  at  351bs..  26IP-6;  at 
40  lbs.  to  the  square  inch,  268°-8 ;  at  50  lbs.,  282°-7  ;  at  55  Iba., 
288°-8.  The  elastic  force  of  steam  is  the  same  as  ijie  pressure 
ST  which  it  is  evolved  from  the  water.  When  steam  is  gene- 
i  under  a  pressure  of  15  lbs.  to  the  square  inch,  it  is  termed 
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n  of  one  atmoaphere ; "  when  generated  at  30  and  45  lbs. 
t  ttie  square  inch,  it  is  said  to  be  eteom  of  two  and  three  at- 
mosphereB  respectively. 

One  of  the  most  striking  peculiaritieB  of  atcam  is  the 
eDormous  increase  of  its  bulk,  us  compared  with  that  of  the 
water  from  which  it  is  generated .  The  proportion  of  inereaae 
will  be  best  remembered  by  the  statement,  that  under  the 
ordioary  pressure  of  the  atmosphere,  or  16  lbs.  to  the  square 
inch,  a  cubic  inch  of  water  will  produce  a  cubic  foot  of  steam ; 
sud  as  there  are  1728  cubic  inches  in  e.  foot,  the  increase  of 
volume  in  forming  steam  is  (about)  1728  times.  Under  an 
increase  of  pressure  the  Tolnine  of  steam  is  diminiBhed :  under 
a  preEeiire  of  3U  lbs.  the  volume  is  only  one-ha!f ;  taking  the 
"relative  volume  of  steam  "  raised  at  a  pressure  of  15 lbs,  at 
166fl,  steam  at  20  lbs.  Tvould  have  a  volume  of  1281 ;  at  25 
lbs.,  of  1047  ;  at  30 lbs.,  or  double  the  ordinarv  pressure,  of 
882  ;  at  35  lbs.,  766 ;  at  40  lbs.,  678  ;  at  45  Ibs.l  009  ;  and  at 
a  pressure  of  50  lbs.  steam  would  have  the  relative  volume  554. 
Steam  is  capable  of  being  reduced  from  a  state  of  vapour  by 
lowering  its  temperature :  this  temperature  is  always  the 
same  as  that  of  the  water  from  which  it  is  laised.  Sy  gra- 
dually reduting  the  temperature  of  steam  the  vapour  will 
be  condensed,  and  reconverted  into  water ;  a  cubic  foot  of 
steam  under  the  ordinary  pressure  occupying  the  space  of 
about  a  cubic  inch  of  water. 

In  converting  water  into  steam,  a  large  amount  of  caloric  fe 
absorbed  which  is  not  observable  by  the  thermometer ;  this  is 
termed  "  latent  heat."  By  this  is  meant  the  amount  of  heat  re- 
quired te  evaporate  a  given  quantity  of  water  compared  with  that 
necessary  te  bring  the  water  to  the  boiling-point.  Thus  it  is 
found  that  to  vaporize  a  certain  quantify  of  water  into  steam 
at  212°,  it  will  take  5^  times  as  louch  beat  as  would  raise  the 
water  from  32°,  or  the  freezing-point,  to  212°,  the  ordinary 
boiliug-point ;  iJiis  excess  of  caloric,  however,  is  not  indicated 
by  the  thermometer, — hence  the  term  latent  heat.  This  heat 
is  eonsumod  and  apparently  lost  in  the  transition  from  boiling 
water  into  st«am.  The  latent  heat  of  steam  is  reckoned  at 
1000°,  the  temperature  of  the  steam  being  212°;  the  sum 
thereforeof  the  Bonsible  heat,  that  b,  the  temperature  indicated 
jrthe  thenuoroetOT,  212°,  and  the  lateut  heat  1000°,  is  equal 
■  1212°.     The  tetal  amount  of  the  indicated  and  latent  hmt  J 
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at  all  temperatures  is  a  "  constunt  Bum  : "  thus  if  the  pressure 
ie  incroftsed  at  which  the  Bteara  is  raised,  ho  ns  to  give  a 
temperature  of  300°,  the  latent  heat  is  912°;  if  500°,  712°, 
and  BO  on.  It  is  on  aceount  of  this  property  of  steam  that  so 
much  fuel  is  expended  in  raising  it. 

The  mechanieal  effect  produced  hy  the  evaporation  of  a  cubic 
inch  of  watar  is  genendly  calculated  as  being  sufficient  "  to 
raise  a  tomreight  one  foot  high;"  from  tbia,  however,  ia  to  be 
deducted  loss  fi?om  friction  and  other  causes.  "A  pint  of 
water,"  says  Dr.  Lardner,  "  may  ho  evaporated  by  two  onnoea 
of  o«al.  In  its  evaporation  it  swella  into  210  gallons  of 
steam,  with  a  mechanical  force  sufficient  to  raise  a  weight 
of  thirty-seven  tons  a  foot  high.  The  steam  thus  produced 
haa  a  preaaure  equal  to  tliat  of  one  atmosphere;  and  by- 
allowing  it  to  e^and,  by  Tirtue  of  its  elasticity,  a  farther 


of  CDnunon  coal,  ore  tbua  rendered  capable  of  doing  as  much  | 
work  as  is  equivalent  to  seventy-four  tona  raised  a  foot  high. 
...  A  pound  of  coke  burned  in  a  locomotive  engine  will 
oraporate  about  five  pints  of  water.  In  their  evaporation 
thcT  will  exert  a  mechanical  force  sufficient  to  draw  two  tons 
weight  on  the  railway  a  diatanee  of  one  mile  in  two  minutes. 
Four  horses  working  in  a  stagc-tooch  on  a  common  road  are 
necessary  to  draw  the  same  weight  the  same  distance  in  six 
minntes." 

The  first  employment  of  steam  as  a  mechanical  power  may 
be  traced  back  to  a  very  remote  period — to  about  2000  years 
rince— thongh  then  it  was  used  rather  as  a  toy  than  for  any 
pniclieal  purpose,  an  applieatioH  reserved  for  oui'  own  era. 
120  years  n.c,  Hero  of  Alexandria  caused  steam  to  pass  into 
a  hollow  globe  which  rotated  freely  on  two  pivots.  From  this 
radiated  hollow  spokes  terminating  in  closed  ends,  near  to 
which  were  small  lateral  orifices.  The  recoil  produced  by  the 
escape  of  the  steam  from  these  holes  canscd  the  globe  to 
rotate  quickly.  Had  it  been  mede  to  move  a  band  passing 
round  a  pulley  as  is  represented  in  fig.  138,  this  simple  engine 
might  have  set  in  motion  any  machinery  to  which  the  other 
end  of  the  strap  was  attached.  In  lact,  rotary  engines,  on 
this  very  principle,  have  been  lately  revived,  and  ore  now 
working  in  this  country. 

In  the  year  1543,  if  we  may  trust  to  some  documents  recently 
led  from  the  national  recorils  of  Spain,  the  use  of  steam 

I*  motive  force  was  brought  foxward  in  a  practical  manner. 

sratain  Captain  de  Garay  proposed  to  the  Emperor  Charles  V., 
to  carry  ships  out  of  the  harbour  of  Barcelona  against  wind 
and  tide.  The  experiment  was  made  pubhcly.  It  was  crowned 
with  success.  His  boat,  containing  the  apparatus,  of  which 
all  Giai  could  bo  discovered  was  that  it  consisted  of  a  caldron 
of  baiting  water  and  two  jvlieels,  succeeded  in  moving  at  the 
rate  of  nine  miles  in  two  hours.  The  discoverer  was  rewarded; 
hut  the  heart  of  the  emperor  was  set  on  other  enterprises ; 
the_^si  itfam-boat  was  broken  up,  and  a  conquest  far  greater 
than  any  of  those  on  whicli  his  heart  was  set,  was  lost  for  ever 
to  Charles  V.,  and  for  more  than  200  years  to  the  world. 

However,  jn  1615,  a  Frenchman  or  German,  named  Solomon 
IbCcuis,  in  a  work  published  at  Frankfort,  described  a  machino 
Ijlf.  139)  in  which  the  pressure  of  steam  acting  on  the  suriace 
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of  water  boiling  in  a  close  (KippervcsscI,  caused  Etomc  of  the  natei 

to  pass  up  in  thD  form  of  -u  jet 

through   a    tube   which   passed 

through  aeiiriy  to   the  bottom. 

He  made  also  a  further  advoaee 

towards  the  application  of  steam 

10    motive    purposes.      Having 

engaged  in  various  engineering 

labours   at   Heidelberg,  and  at 

Bichmond  in  England,  he  went 

to  Paris,  where,  on  attempting 

to  bring  his   inventions  under 

the  notice  of  Cardinal  Kichelieu, 

he  was  confined  by  him  in  the       J^ 

Bieetre  for  a  madman !     While  ^f^: 

imprisoned  here  he  received  a  " 

visit  from  the  exiled  Marquis  of 

Worcester  in  1641,  who  seems  ^ 

to  have  derived  from   him  his 

idea  of  the  use  of  steam  power. 

However,  it  is  remarked  by  Br. 

Lardner.  that  the  invention  of 

this  nobleman  was    a    marked  '^' 

advance  upon  that  of  De  Cans,  as  he  used  steam  much  as  it  is 

employed  at  the  present  day,  generating  it  in  one  ressd,  and 

employing  it  for    mechanical    purposes    in   another.     Lord 

Worcester,  too,  used  his  ma.chine  for  forcing  water  up  a  pipe, 

but  the  power  used  was  constant,  the  steam  being  generated 

in  a  separate  boiler,  whiuh  could  be  coatinuaDy  refilled,  and 

passed  thence  along  a  pipe  into  the  upper  part  of  a  vesel 

resembling  in  principle  that  constructed  by  De  Cans. 

Some  time  after  this  the  French  philosopher  Papin  invented 
a  plan  by  which  a  piston  could  be  moved  up  and  down  ia  a 
C3"linder  by  means  of  steam.  The  steam  admitted  beneath  it, 
forced  it  up  ;  the  steam  was  then  condensed,  when  a  vacuum 
was  prodnced,  and  the  piston  forced  down.  This,  thoo^ 
thought  httle  of  at  the  time,  was  a  discovery  of  the  utmoet 
importance. 

In  1705,  Nowoomen,  a  Cornish  engineer,  constructed  a 
working  engine  on  this  principle.  It  was  used  to  raise  water, 
and  the  steam  employed  was  of  very  low  power,  all  that  WM 
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needed  being  the  alternate  depression  aad  elevation  of  a  h<H! 
(ntal  beam  i,  ooniniunieating  at  one  end  with  the  piston  ji,i 
tioal  cylinder  c.     Beneath  the  piston  were  two  cooks  n  ' 


(ied  bv  the  same  hnndle  one  admitting  low  pressura  steam 
0  the  cylinder  whiih  foined  up  the  piston  then  the  other 
ng  opened  while  the  tirst  was  dosed  admitted  cold  water, 
which  condensed  the  steam  caiioing  a  Tacitnm  and  bringing 
the  piBton  down  again 

In  1765  the  steam  engino  was  brought  as  near  as  possible 
to  perfi-ction  by  the  celebrated  engineer  Jamea  Wutt  He 
made  two  great  improvemints  on  the  plan  of  Newcomen. 
Instead  ot  admitting  cold  water  into  the  piston  rjhnder,  he 
'HUowed  the  steam  to  pass  at  the  proper  moment  into  a  eon- 
T  surrounded  by  cold  water  ;  and  instead  of  allowing  the 
a  to  be  depressed  by  the  weight  of  the  atmosphere  (as  b  " 
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condesj^ing  eteam  beneath),  he  ominged  that  it  ahoald  befll 
raised  and  lowered  by  eteam,  whidi  was  admitted  into  1 
cylinder  above  and  below  the  piston  altoniately.  In  order  to 
produce  rotatory  motion  by  tho  ascent  and  descent  of  the 
piBton,  Tariona  ingeniona  eontrivancca  were  euceeasively 
adopted  by  Watt.  To  control  the  pressure  of  steam,  he  in- 
trodnced  iiito  the  steam-pipe  a  valve  called  tho  Otrotth  valve ; 
this  he  connected  with  a  lev«r  placed  in  connexion  with  an 
apparatus  called  the  governor. 

We  now  give  a  cut  of  the  modem  Bteam-cngine,  the  grand 
pradicnl  result  of  these  various  inventions.  The  ateam-boilea- 
is  not  ehoii'n.  Among  various  ingenious  contrivances  con- 
nected with  the  boiler  are,  a  gauge  to  indicate  the  pressure  of 
steam ;  a  safety  valve  to  be  opened  by  the  steam  when  of  too 
high  pressure ;  gauge  cocks  to  show  the  quantity  of  water  in 
the  boiler ;  a  manhole  for  entrance  to  clean  it  when  not  in 
action,  and  a  cock  at  the  bottom  to  empty  out  the  wal«r. 

from  the  boiler  the  steam  passes  hy  the  steam-pipes  (fig.  141) 
into  the  cylinder  a.  In  the  pipe  is  the  throttle  valve  c,  which 
can  be  regulated  to  a  nicety  by  the  governor  d.  At  each  end  of 
the  cylinder,  on  one  side,  is  an  oblong  box  e,  communicatuig 
with  it.  In  the  upper  box  are  seen  two  valves,  a  valve  of 
induction,  admitting  steam  into  the  cylinder  p,  and  a  valve  of 
exhaustion,  permitting  the  steam  to  pass  out  to  the  condenser 
o.  In  the  lower  box  are  two  similar  openings,  the  induction 
valve  ff,  the  exhaustion  valve  /. 

By  the  exhaustion  valves  the  steam  passes  down  into  the 
condensing  cylinder  k,  into  which  cold  water  is  admitted 
through  the  rose  i.  This  condenses  the  steam,  and  the  hot 
water  thus  formed  passes  into  an  adjoining  cylinder  J,  whence 
it  ia  pumped  off  into  an  upper  cistern  j,  by  the  vertical  working 
of  the  rod  and  piston  l.  This  piston-rod  is  fixed  to  the  beam 
of  the  engine  and  works  with  it.  Attached  to  this  piston-rod 
are  two  pins,  which  catch  the  lever  h  in  ascending  and  de- 
Boending.     This  lever  is  called  the  Sjianner.     It  regulates  the 

[  action  of  all  the  four  valves,  of  induction  and  exhaustion. 

ction  of  the  eufrine  is  as  follows : — Tho  two  verlieal 

I  pistons  move  simultaneously,  the  one  regulating  the  other. 
e  the  pistons  to  be  at  the  top  of  the  cylinder,     f  and^, 
e  upper  induction  valve  and  the  lower  exhaustion  valve,  are 
F  opened  amultaneoualy  by  the  action  of  the  spanner,  the 
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r  tbIvcs  being  cloaed.  Steam  is  thus  admitted  above  the 
ton,  the  steam  below  TieiiigdraTvii  offinto  the  condenser.  The 
piston  is  presBed  down  to  the  bottom,  drairiiig  down  the  end  of 
the  beam  to  which  it  is  fixed.  Hub  depresses  the  piston  of  the 
pump  L,  the  pin  attached  to  which  catches  t^e  spanner,  and 


Fig.  141. 

_      '  the  TttlveB  last  opened  are  closed,  and  o  <f,  tho  upper 

azhaustion  and  lower  induction,  valves,  are  opened.     Stmm 

eaters  below  the  piston,  while  that  above  is  allowed  to  pass 
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out.     The  piston  is  thus  rdaed,  rai^ng  the  beam,  &e. 
the  spuuieT  acts,  and  so  on.    All  this  while  tbesteam  in 
condetued  below,  and  the  water  pumped  oat,  as  before  said. 

The  gcvemor,  which  resembles  a  pair  of  tongs  with  the  legs 
rtntched  out,  regulates  the  quantitj'  of  eteom  admitted  to  tike 
engine  1  should  there  be  too  much,  the  legs  &y  apart,  and,  by 
a  contrivance,  close  a  ralre  in  the  pipe  whicb  admits  the  steam 
lo  the  cylinder.  The  Jt^-iL-keel  gives  rt^Tilarity  of  motion  to 
the  machine,  and  prevenW  any  check  upon  its  motion. 

Attached  to  different  parts  are  numerous  rods,  by  which  the 
engine  becomes  self-oetiDp  and  self-adjusting,  marks  tito 
number  of  its  strokes,  supplies  its  boiler  with  water,  feeds 
itself  with  coal,  takes  oil  when  necessary,  with  a  damper  re^- 
latee  its  beat,  will  slacken  the  fire  with  water,  and  is  helplen- 
ness  rings  a  bell  to  tall  for  its  attendant's  aid.  What  writer 
of  foble  ever  conceived  such  marvels  ? 


Fig,  142. 
CEAPTEE  Vn. 
ACOUSTICS.  OR  TILE  PHTSICS  OF  SOUND, 
B  word  Acoostice  is  derived  from  a  Greek  word  signiffing  I9 
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The  science  of  Acouatics  treats  of  all  that  rolatea  to 
1,  fiound  consists  of  a  number  of  rapid  vibrationa  in  the 
air,  or  other  medium,  of  such  a  nature  aa  to  be  apprehended 
by  the  orgnn  of  hearing. 

When  a  bell  is  rung  under  an  exhausted  receiver  of  an  air- 
pump,  acarcely  a  Bonnd  is  audible.  The  same  bell  Btruok  in 
the  open  air  is  distinctly  heard, /or  the  air  is  the  iisual  mcdkim 
Aroiyh  which  sound  is  eonvti/ed. 

Place  a  wine-glass  mouth  dowmrarda  on  a  table,  and  tap  it 
sharply  with  the  flnger-nail,  the  blow  ia  merely  heard ;  but 
raise  it  up  and  then  hit  it,  and  a  musical  sound  rings  on  the 
ear,  which  will  be  increased  by  slinging  it  with  a  piece  of 
Btring.  This  arises  tram  the  circumstance,  that  when  held 
gently  by  the  hand,  the  glass  is  free  to  yibrat*  in  the  air,  and 
more  so  when  slung  from  the  cord ;  for  vibration  in  nectssary 
to  sound.  The  agitation  of  the  glass  &om  the  blow  gires 
impulse  to  the  air  by  which  it  is  surroimdcd,  in  the  same 
manner  as  water  undnlatea  in  circles  when  a  stone  has  been 
thrown  on  its  peacofii!  surface  ;  and  these  aerial  waves  coming 
in  contact  with  the  drum  of  the  ear,  the  nervous  membranes 
convey  the  impression  of  sound  to  the  mind. 

Some  sounds  differ  in  intensity ;  thus  if  one  sound  drowns 
another,  it  is  simply  said  to  be  more  intense,  pi^vided  it  be  of 
the  eam.e  note ;  others  differ  in  pitch,  as  the  high  and  low  notes 
of  music ;  and  oilers  in  character,  as  the  tono  of  the  same 
not«  sounded  on  two  different  inBtruraeuts.  So  wonderfuLy 
delicate  and  acute  is  the  oi^nization  of  the  human  ear,  that 
nan  con  hear  and  distinguish  almost  any  number  of  different 
sounds  at  the  some  tim.e. 

A  rapid  motion  given  to  certain  objects,  as  those  of  the 
prongs  of  a  tuning-fork,  the  strings  of  musical  instruments, 
the  coverings  of  drums  or  gongs,  and  other  contrivances,  pro- 
duces sound  i  the  agitation  that  ensues  communicating  itself 
to  the  surrounding  air,  a  suecession  of  vibrations  ensues, 
which  reaches  the  ear  and  ia  called  sound,  But  the  par- 
tidea  of  air  in  contact  with  the  ear  must  vibrate  at  least 
thirty  times  in  a  second  before  the  impression  of  a  musical 
note  can  be  received. 

The  atmosphere  around  us,  if  moved  in  a  body  and  with  the 

"  ie  Telocity,  produces  no  sound ;  a  high  wind  muat  be  driven 
le  obstacle  before  the  voice  of  the  hurrieane  i 
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heard.  The  booming  of  cannon,  or  the  joyous  peal  of  a  bell, 
is  borne  in  agitated  wares  aJong  the  atmosphere,  in  whatever 
direction  the  wind  may  blow ;  but  neither  they  nor  the  sounil 
of  a  thousand  brazen  instruments  produce  the  slightest  degree 
of  wind  in  any  direulion.  Still  when  a  powerful  instrument 
in  sounded  near  to  a  table  on  which  glasses  are  placed,  they 
will  be  observed  t»  tremble,  and  may  even  tali  to  the  ground 
on  account  of  the  vibration  produced. 

The  aerial  ocean  in  which  man  lircs,  is  the  general  mediom 
through  which  sound  is  conveyed  to  his  senses,  being  in  direct 
conununieation  with  the  tympanuin  or  drum  of  his  ear ;  Imt 
other  bodies,  solid  or  fluid,  having  their  particles  of  matter 
doser  than  air,  when  possessed  of  a  moderate  degree  of  ellM* 
ticity,  if  placed  between  tba  esciting  cause  and  the  ear,  fom. 
mediums  for  the  conveyance  of  sound.  The  velocity  of  sound, 
in  air  is  1125  feet  per  second.  A  bell  rung  under  water  haa 
been  distinctly  heard  at  a  distance  of  nine  miles,  which  most 
have  aped  at  the  rate  of  4708  ftet  per  second,  Thus  it  is 
found  by  accurate  calculation,  that  sound  travels  mure  than 
four  times  more  quickly  in  water  than  in  air.  If  a  person 
scratch  one  end  of  a  long  piece  of  timber  with  a  pin,  and 
another  person  apply  his  ear  to  the  other  end,  the  noise  can  be 
distinctly  heard  by  the  person  at  the  distant  end,  although  not 
by  hira  using  the  pin.  The  same  applies  to  the  tietiag  of  a 
watch,  that  only  a  few  feet  distant  with  the  medium  of  air 
could  not  be  heard ;  this  sound  is  also  conveyed  from  ten  to 
twenty  times  quicker  through  this  solid  than  through  the  air. 
The  earth  likewise  is  a  good  conductor  of  sound ;  and  we  read 
of  North  American  Indians  laying  their  ears  to  the  ground,  to 
discover  the  approach  of  human  enemies  or  beasts  of  the  forest. 
The  miner  hears  throi^h  the  sohd  rock  the  pickaxe  of  soms 
neighbouring  labourer,  and  the  besieged  detect  the  approaeli 
of  a  subterraneous  enemy,  from  the  sound  conveyed  by  the 
earth.     The  physician  apphea  the  end  a  (fig.  143j  of  the  atetlio- 

Boope  to  the  chest  of  his  patient,     r^^ 

andhears  theoperationofbreath-  *    J~~  ~1 ; 

ing,  and  the  rushing  of  the  blood     ''^ 

in  the  heart,  by  applying  hie  ear  ^ig-  3^- 

to  the  end  6.     On  placing  a  wooden  or  iron  bar  against  a  tea- 

1  or  kettle,  and  the  opposite  end  against  the  ear,  a  tumol- 
I  tuous  roaring  and  bubbling  is  hoard,  and  the  boiling  of  the 


water  ascertained.  Iron  conveys  sound  seventeen  timoa  faster 
than  air.  If,  with  closed  ears,  the  teeth  or  temple  be  placed 
against  a  long  piece  of  timber,  having  at  the  other  end  a 
watch,  the  ticking  will  be  distinctly  heard.  This  is  the  ease 
as  long  as  the  nerve  of  the  ear  is  uninjured,  the  sonorous 
vibrations  heiug  conveyed  by  the  sohd  bodies  of  tho  teeth  and 
cranium  to  the  nerves  of  the  ear. 

Sound  ia  not  conducted  well  from  one  medium  to  another, 
except  when  they  are  of  similar  density.  Thus,  on  putting 
the  head  beneath  the  water  of  a  bath,  no  sound  is  heard  from 
the  world  otitaide. 

Wind,  as  every  one  has  praefieally  experiennod,  retards  or 
ftocelcrates  sound.  The  booming  of  cannon  in  a  naval  engage- 
ment has  been  heard  at  the  distance  of  two  hundred  miles.  A 
viiispcr  and  the  report  of  a  cannon  travel  at  the  same  speed ; 
tfius  a  sound  may  be  made  loud  by  a  powerful  blow,  but 
notlung  is  added  to  its  velocity  of  propagation.  At  62  degrees 
of  Fahrenheit's  thermometer  sound  travels  at  the  rate  of 
1125  feet  per  second;  a  cannon-ball  has  about  the  same 
velocity,  hut  at  every  foot  its  speed  is  lessened ;  whereas  the 
noise  accompanying  its  start  on  its  destructive  mission  con- 
dnues  onward  with  the  same  speed  as  at  first,  only  diminishing 
in  intensity  until  it  dies  away  in  space. 

Peschel  ^ves  345  miles  as  the  greatest  known  distance  to 
vhioh  sound  has  been  carried  in  the  air.  This  was  when  the 
awful  explosion  of  a  volcano  at  St.  Vincent's  was  heard  at 
Semerara,  The  earth,  as  has  just  been  said,  conveys  sound 
better  than  the  air.  The  cannonading  of  the  battle  of  Jena 
was  just  heard  in  tho  open  fielda  near  Dresden,  a  distance  of 
92  miles,  and  in  the  casemates  of  the  fortress  it  was  very  di- 
Btinct.  The  bombardment  of  Antwerp  in  1832  is  said  to  have 
been  heard  in  the  mines  of  Sasony,  370  miles  distant ! 

Sound  travels  a  mile  in  abont  fonr  seconds  and  three  quar- 
12|  miles,  equal  to  67,500  foet,  in  a  minute,  or  767  miles 

Thus  if  a  flash  of  a  musket  he  seen,  the  distance  may  be 
"ly  ascertained  by  timing  the  arrival  of  the  report.  When 
itning  bursts  from  tho  clouds,  by  laying  the  fingers  on  The 
at  and  counting  each  pulsation  as  a  second  until  the  thunder 
heard,  its  distance  may  be  pretty  nearly  calculated.  But 
for  every  increase  of  one  degree  of  temperature  the  velocity 
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injj  ^jme  water,  wit^  ^t-IH  ce  stea  uniilan::^  rrvCi  v.c  >:vits 
towrir'iii  The  ■"rer.tre. 

If  we  strike  a  tuninj-rork.  ar.d  Then  :.u-:h  d  <iin'aot:-  :i  ^ler- 
cnry.  waves  will  :e  pr:«i7L0»:<.;  O'Trtsrcii'.iizir  to  :he  rrtriior 
giving  rise  to  the  ?oi»y.  If  we  :i"T;-:h  li  j::a:?6  -.li^i.*.  t  iiolvi  a 
tuning-fork  over  an  open  cylinder,  or  a  class  wiiiv;!:  ha<  any 


^dust  upon  it,  or  water 
'  apparent;  anii  the 
modeof  excititioiund  i 
taining  the  vibrations  of  j. 
colunm  of  air  may  thus 
be  showo : — Take  a  com- 
iiioiituniijg-i'ork(fig,144), 
aud  on  one  of  its  branches 
festen,  with  sealing-wax. 
»  circular  disc  of  card  of  the 
cover  the  aperture  of  a  pipe. 
by  a  blow 


it,  ■we  may  render  the  vibrations 


i 


Fig.  144, 
iize  of  a  BmaU  wafer,  which  will 
If  tho  fork  be  set  in  vibration 
1  the  unprepai'ed  branch,  and  the  disc  he  held 
r  the  mouth  of  tbe  pipo,  a  note  of  great  etrongth  and 
cleamees  will  be  heard. 

In  the  line  of  undulation  of  a  string  or  other  body  which  is 
Bonnding,  there  may  be  distinguished  certain  points  of  rest 
between  the  waves.  Thus,  in  a  piece  of  catgut  fixed  at  each 
end  b  (fig.  145),  the  points 
marked  a  may  be  still,  while 
on  either  ade  waves  rapidly 
alternate  in  opposite  direc- 
tions, as  represented  by  the  ^'P  l''^- 
bowedlinos.  Such  spots  are  called  widal points.  Tho  motions 
on  tho  line  at  the  intervening  spaces  resemble  the  oscillatioOB 
of  the  pendulum,  in  being  equal  in  extent  and  time,  and  continue 
thus  as  long  as  the  sound  lasts. 

The  number  and  rapidity  of  vibrations  in  a  line  or  rod  is 
increased  in  proportion  to  its  tenaion.  It  is  alao  increased  in 
proportion  as  its  length  is  lessoned. 

If    we    strew    some    ^^     ^^     fTT^— 1 
fine  sand  on  jilates  o!  /^  i\  /^  }\   f-    f    J 
glass,  and  elicit  sounds  l^ 
from  these  by  drawing 
the    bow   of    a   vioUn 
across  their    edges  at  J 
vaiious  points,  the  sand  v 
will  collect  on  the  points 
at  greatest   rest,    and 
OaiB  "nodal  figures  may 

fiumed  in  which  the  curving  hues  will  represent  accurately 

|r  direction  of  each  wave  of  vibration      rhc  examples  i 
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wax  he  MnutenxmtaL  witL  a^DHiitaTf .  J^v-sTwuiianr  n:  biowmir 
intC)  1^  end  of  &  boUmir  pipe.  v(  mrtcxm  u  ^^riniiL  irhich  is 
inteDBxfied  in  tkrec-  tKrversL  wqts.  Itr  rf^tioxior.  iram  its 
intarior  fmx&ee  the  vave^^  of  ^ounc.  ore  drivon  u>  ft  fcicns 
tonrardb  the*  farther  opening.  The  aii.  heinp  mmpreftfted  into 
a  iwirfhHvi  qvuse.  is  made-  tr>  vihmu  witr.  iio:  irrratcr  effect 
ngoal.  JLnd  thirdly,  Ihe  material  of  the  tube,  if  apt 
r  Ab  yodnctian  of  sound,  matches  the-  not£.  and  ako 
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vibratos  intensely.  These  causes  combine  to  produce  the  loud 
note  of  a  trumpet,  and  concur  varioualy  in  other  wind  instru- 
ments. 

The  ear-trumpet  enahlea  deaf  persona  to  hear  by  the  sound 
o£  the  voice  being  brought  to  a  focus  at  the  narrow  end,  thus 
increasing  the  intensity  of  sound  upon  the  ear.  The  speahing- 
trumpet  concentrates  sound,  and  directs  it  to  a  particular  part, 
above  the  voice  of  the  atorm.  The  alcoves  on  Westminster 
_^ridge  (fig.  149),  long  sdnoe  removed,  were  so  truly  oonstructed 


Fig.  149.— Alcove  on  Westnunetor  Bridge. 
in  architectural  proportions,  that  on  a  still  eveniDg  a  whisper  in 
one  might  be  heard  in  another  on  the  opposite  side  of  the  road. 
Bat  one  of  the  moat  perfect  instances  of  this  peculiarity  of 
sound  is  the  Whispering-gallery  of  St.  Paul's  Cathedral,  which 
is  430  feet  in  eircuiaference.  Seated  in.  tbia  gallery,  the  at- 
jndant,  by  whispering  against  the  side  140  feet  from  tho 
■,  is  heard  as  distinctly  as  if  close  to  the  ear. 

ffaves  of  water  are  thrown  back  when  they  meet 
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with  an  obstruction  having  a  smooth  surface,  so  are  the  wares 
of  air  creative  of  sound :  this  constitutes  an  echo. 

The  flat  sides  of  rocks,  mountains,  caves,  domes,  and  arches, 
thus  reflect  sounds.  There  are  several  very  remarkable  echoes 
in  our  islands ;  among  the  most  striking  are  the  following : — 
An  echo  in  Woodstock  Park,  Oxfordshire,  repeats  seventeen 
syllables  by  day  and  twenty  by  night.  In  Gloucester  Cathe- 
dral, an  echo  conveys  a  whisper  75  feet  across  the  nave.  The 
suspension  bridge  across  the  Menai  Straits  repeats  a  blow  with 
a  hammer  twenty-eight  times  in  five  seconds.  On  the  Lakes 
of  Killamey  is  a  remarkably  fine  echo.  On  the  north  side  of 
Shipley  Church,  in  Sussex,  an  echo  repeats  twenty-one 
syllables.  At  Lurley,  on  the  Rhine,  a  noise  made  on  one  side 
of  the  river  is  echoed  and  re-echoed  across  and  across  in  a 
zigzag  manner,  proceeding  onwards  about  six  times,  when  it 
dies  away.  In  some  places  the  report  of  a  pistol  has  been 
counted  as  many  as  forty  times. 

As  we  commonly  utter  about  three  syllables  and  a  half,  or 
seven  half-syllables  in  a  second,  the  echo  of  this  number  of 
syllables  will  be  distinctly  heard  in  that  time  by  a  person 
situated  at  the  distance  of  about  560  feet,  half  the  number  of 
feet  sound  travels  in  a  second ;  but  if  a  sentence  be  continued, 
the  sounds  will  so  commingle  as  to  be  confused. 

As  sound  travels  at  the  rate  of  1125  feet  in  a  second,  by 
timing  the  arrival  of  an  echo  to  the  ear  the  distance  of  places 
may  be  ascertained. 

If  the  waves  of  air  strike  obliquely  against  a  wall,  they 
will  be  reflected  ob- 
liquely on  the  other 
side,  the  angles  of 
incidence  and  re- 
flexion being  equal. 
The  irregularity  of 
surface  in  a  wall 
may  be  so  great  as 
to  prevent  entirely 
any  distinct  reflec- 
tion: this  is  the  case 
in  theatres,  the  walls 
of  which   are  pro-  ^- 1^- 

vided  with  broken  surfiaces  to  prevent  the  echo.    A  regular 


concave  surface  concentrates  sound.  In  a  perfeetly  circular 
room  the  waves  of  sound  are  concentrated  in  the  centre- 
Elliptical  or  oval-shaped  rooms  present  a  curiuus  property  in 
the  concentration  of  waves  of  sound.  This  property  is  snch 
Uiat  waves  of  sound  proceeding  from  one  of  the  foci  c  of  an 
elliptical  room  a  b  (fig.  150),  after  reflexion  at  various  points, 
as  from  the  lines  e,f,  g.  h,  i,  are  all  concentrated  in  the  other 
focOB  d ;  thus  a  person  whispering  at  d  can  be  heard  distinctly 
by  another  standing  at  e,  although  it  is  not  audible  to  other 
elsewhere  situated  in  the  room. 


^^^ 
^^^e 


mated  hy 


The  Simtan  Ear. 

le  ear  forms  one  of  the  most  important  channels  of  eon- 
n^on  hetwcen  tlie  mind  and  the  externa!  world. 

The  external  passage  of  the  ear  (fig.  1.51)  is  ten 
tlie  memhrana  tympani,  which  is 
very  elastic,  having  hchind  it  the 
tym.panu[n;  and  from  this  L 
tube  for  air  from  the  throat,  I 
whichaccountsforpersonBaiding  ' 
tbeir  hearin;;  by  opening  the 
mouth.  Deeper  than  the  tym- 
panum, which  contains  a  chain 
of  bones,  are  two  closed  cham- 
bers, called  cochlea  and  vestibule,  ^'S- 1"'- 
which  are  filled  with  a  watery  flnid,  in  which  are  expanded  the 
fibres  of  the  auditory  nerve.  When,  sounds  reach  the  membrana 
tympani  (fig.  152),  it  is  set  in  motion;  this  is  communicated  to 
the  small  bones,  named  after  their  fancied  rcsemblauee  to 
certain  implements,  the  maQeus,  incus,  orhimlare.  and  stapa. 
Th^  use  is  to  transmit  the  vibrations  of  sound  from  the 
ejctemal  membrane  to  the  fluid  contained  in  the  internal  ear, 
and  to  the  nerve  spread  out  in  this  flnid.  They  have  another 
nse  ^at  a  single  bono  could  not  be  made  to  perform  ;  namely, 
to  permit  the  lightening  and  relaxing  of  the  tympanic  mem- 
brane, and  thus  adapt  it  either  to  resist  the  impulse  of  a  very 
loud  sound  or  a  more  gentle  one.  Mammals  alone  have 
external  ears.  Birds  have  but  a  simple  aperture ;  in  reptiles 
nd  fishes  the  ear  is  covered  over  with  skin  ;  in  many  animals, 
for  example,  it  consists  merely  of  a  vesicle  filled  with 

i,throughout  which  the  nerve  is  spread  out. 
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ffionysius  spent  the  greater  part  of  hie  tiine,  to  hear  what  was 
BUd  by  those  whom  hia  auapidcwi  and  cruelty  had  confined. 
The  ftrtiats  that  had  been  employed  in  mafediig  this  cave  were 
all  put  to  death  by  order  of  the  tyrant,  for  fear  of  their  revealing 
Hie  purpoBes  to  which  a  work  of  sueh  unGommon  construction, 
to  be  appropriated. 

Music, 


Inch  is  the  delicacy  of  the  human  ear,  that  it  can  distinguish 
readily  hetweeii  two  sounds,  the  9ne  having  400  vibrations  in 
a  second  and  the  other  405 ;  even  between  different  inatruments 
playing  the  same  note,  and  between  two  of  the  same  kind  of 
instruments  when  playing  together;  or  detect  a  single  voice 
amid  hundreds  all  singing  the  same  tune.  The  Jicarers  of  an 
orcheatra  are  employed  in  discriminating  between  various  rates 
of  succession  in  the  undulationa  of  the  air  around  them,  from 
60  to  2000  per  second. 

K  a  piece  of  catgut  or  wire  be  slightly  stretched,  and  tben 
hit  or  palled  at  the  middle,  it  will  be  seen  to  vibrato,  and  each 
pulse  of  the  air  bo  separately  heai'd ;  but  when  tightened  and 
struck  or  pulled,  the  vibrations  follow  in  quick  succession, 
only  a  broad  indistinct  hne  is  seen,  and  the  pulses  of  the  air 
follow  so  rapidly,  that  they  are  felt  on  the  car  as  one  tene, 
which  is  called  a  note.  The  uniformity  of  tones  in  elastic 
strings  arises  &om  large  vibrations  occupying  about  the  same 
tiine  as  smaller  ones.  Wben  tbe  vibrations  are  rapid,  the 
BOtmd  is  loud,  from  the  pulses  of  the  air  being  more  forcible. 
The  regularity  of  succession  of  the  pulses  of  the  air  produces 
tlie  pleasing  effects  of  a  tone,  as  the  buzzing  he-ard  from  the 
quick  and  regular  movement  of  the  wing  of  a  fly. 

If  we  examine  the  strings  of  a  violin,  we  see  that  one  is 
eorefyiy  wound  round  with  a  fine  metal  wire  ;  tbis  makes  it 
thick  and  heavy ;  it  must  have  a  slower  vibration  than  thinner 
ones,  therefore  produces  a  basa  or  grave  note ;  and  the  others 
Tory  in  thickness,  have  quicker  vibrations  and  sound,  higher 
or  sharper,  and  are  screwed  up  to  a  certain  tension  to  assist  the 
perfection  of  tone.  Then  a  quicker  vibration  is  prodiiced  from 
shortening  the  string  by  the  pressure  of  the  finger  or  by 
tightening,  and  slower  vibrations  by  lengthening  the  string  or 
sUokening  it. 

There  are  seven  primary  notes  in  music,  which  are  those 
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that  would  be  used  by  a  person  who  had  not  learnt  it  scienti- 
fically. They  are  expressed  in  singing  by  the  names  of  Do, 
Re,  Mi,  Fa,  Sol,  La,  Si,  and  in  printed  music  by  notes  arranged 
and  named  as  the  following  letters  of  the  alphabet,  C,  D,  E, 
F,  G,  A,  B. 

The  pitch  of  the  different  musical  tones  are  represented  to 

the  eye  by  employing  five  par-    ,   »  * 

rallel  lines,  called  a  staff,  or    -^1^^--==^^   •  "»~ 

stave,  the  degree  of  pitch  being    ~  •   * 

shown    by   characters    placed  Fig.  153. 

upon  those  lines  or  on  the  spaces  between  them,  as  in  fig.  153, 

these  characters  being  called  notes ;  the  whole  in  this  example 

representing  one  octave  and  part  of  another. 

If  a  musical  string  be  of  such  a  length  and  tension  that  it 
gives  out  in  a  second  258  vibrations,  according  to  M.  Biot  the 
note  will  be  C ;  but  if  only  half  the  length  be  used,  the  vibra- 
tions will  be  twice  as  many  as  before,  516 ;  this  commences  a 
new  series  of  notes,  another  C  or  eighth  letter,  and  is  termed 
an  octave.  If  the  string  be  reduced  to  eight-ninths  there  will 
be  290  vibrations,  the  note  D ;  if  to  four-fifths  322  vibrations, 
the  note  E ;  if  to  three-fourths  344  vibrations,  the  note  F ;  if 
to  two-thirds  387  vibrations,  the  note  G ;  if  to  three-fifths 
430  vibrations,  the  note  A ;  and  if  to  eight-fifteenths  483 
vibrations,  the  note  B.  A  string  when  touched  not  only  gives 
out  its  primary  note,  but  subordinate  notes  belonging  to  its 
half,  third  and  fourth.  By  watching  the  motion  of  a  string,  it 
will  be  found  vibrating  not  only  along  its  whole  length,  but 
also  at  the  same  time  vibrating  in  shorter  lengths,  thus  some- 
times the  subordinate  notes  are  more  distinctly  heard  for  a 
time  than  the  original.  It  is  this  natural  and  self-acting 
division  of  a  string  into  equal  parts  that  produces  the  wild 
music  of  the  u^lian  harp.  The  cords  are  tuned  to  the  same' 
pitch,  but  as  the  passing  breeze  touches  various  parts,  either  a 
perfect  note  is  heard,  or  some  of  the  divisions  in  vibration  of 
which  each  string  is  susceptible. 

The  JEloKan  harp  (fig.  154)  may  be  constructed  in  the  follow- 
ing way : — "  Let  a  box  be  made  of  thin  deal,  of  a  length  exactly 
answering  to  the  window  in  which  it  is  intended  to  be  placed, 
four  or  five  inches  in  depth,  and  five  or  six  in  width.  Glue  on 
it,  at  the  extremities  of  the  top,  two  pieces  of  oak,  about  half 
an  inch  high  and  a  quarter  of  an  inch  thick,  to  serve  as  bridges 


tor  the  Btrings;  and  inKde,  at  each  end,  glue  two  pieces  o 
beech  about  an  inch  square,  and  of  length  equal  to  the  width 
of  the  box,  whidi  are  to  hold  the  pegs.  Bito  one  of  these 
bridges  fix  as  many  pegs,  such  as  are  iLsed  in  a  pianoforte, 
though  not  60  large,  as  there  are  to  he  Btrings ;  and  into  the 
other,  fasten  as  majiy  small  brass  pins,  to  which  attach  one 
end  of  the  strings.  Then  string  tiie  instrument  with  small 
catgut,  or  Jirst  fiddle-striufp,  fixing  one  end  of  them,  and 
twisting  the  otlier  round  the  opposite  ppg.     These  etringH, 


Fig.  161— The  .Sclian  Harp, 
To  procure  a  proper  passage  for  the  wind,  a  thin  board,  sup- 
ported by  four  pegs,  is  placed  over  the  strings,  at  about  three 
inches  tUstanee  from  the  soimding-board.  The  instrument 
must  be  exposed  to  the  wind  at  a  window  partly  open ;  and 
to  increase  the  force  of  the  current  of  air,  either  the  door  of 
the  room,  or  an  opposite  window,  should  be  opened.  When 
the  wind  blows,  the  strings  begin  to  sound  in  unison ;  but  as 
the  force  of  the  current  increascfi,  the  sound  changes  into  a 
plearang  admixture  of  oil  the  notes  of  the  diatonic  scale, 
ascending  and  descending,  and  these  often  unite  in  the  most 
delightful  harmonic  combinations.'' 

The  lowest  note  that  can  he  heard  has  30  xibrations  in  a 
second,  and  the  highest  8192,  between  which  tbero  are  about 
eight  octanes.  The  human  voico  poflsesees  a  power  of  from 
two  to  three  octaves,  a  man  having  a  pitch  an  octave  lower 
than  a  woman.  An  organ-pipe  32  feet  Icmg  produces  a  very 
deep  note,  having  waves  of  sound  32  feet  long,  and  the  same 
numbor  of  vibrations  in  a  second  ;  this  is  note  CCC ;  itfi  octave 
has  Gi  vibrations  in  the  same  time,  its  third  40,  and  so  on. 
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H'^usii.^'xL  s.'iL*:<i>  ir*.  pr.c'.i.-r'I  ji  tjj.it  ttit?.  3;»  by  eLssdc 
tucral  wi.rw  ;  yrj-.-iirvc  <rL::^>  -e  iziiiiLil  :a.:i»d3jes ;  pieces  of 
niccal  cu:  liij  i  .■n: :.  li^-^-ir  i  "riirr^I  viui  prrcas  to  esose 
thetu  CO  vibrji:e  :  :h<i  <crfSv.Iitc  ?kii*  ,£*  iaet?p  ;  hollow  ves^Is 
of  br^^.  coniai*^  a  ccI-^izli  :i:  iir  :n.  i  rj.:e  :  a  irlass  or  pieces 
of  gLkw*  ii  bi.'II ;  I.- r.  as  in.  :h.e  :rjo..  idziinizj:  i  column  of  air 
fivai  belIo\*-s  to  pipes  bv  :iie  itii'-ii  ji  ifTs  :  or  bv  thin  pieces 
of  iwds  or  metal,  which  vibriie  tdjei  ihe  breath  being  applied, 
and  aocordinj?  to  their  elastioiiy.  wei^r,  or  len^.  give  forth 
their  peculiar  tones ;  and  these  different  means  of  producing 
BonnAa  give  rise  to  the  varied  shapes  of  musical  instruments. 


1L  Faber  made  aa  attempt,  by  the  aid  of  muchinery,  to 
imitate  tho  human  voice ;  he  called  hia  invention  "  The  Ea- 
pfaonia  "  (fig.  156),  and  etated  it  to  he  the  result  of  twenty-five 
years'  labour !  It  is  quito  truo  that  mechanical  figuros,  in 
tutbans,  with  their  lungs  in  red  baizo  and  worked  by  machinery, 
in  themselves  useful — the  more  partdculai'ly  or  aU 


Fig.  156.— Tho  Euphonia. 
talking  maohinerj  requires  the  impulse  of  a  real  living  and 
talking  man,  wb.o  might  more  conveniently  have  done  the 
talking  at  first  hand ;  but  as  an  example  of  inductive  and  me- 
chanical ingenuity,  however,  such  an  exhibition  as  this  is  well 
deserving  of  attention;  and  there  ia  no  difficulty,  besides,  in 


tfctf  wit  tfaa  «yyren<w  " 


ssrt^ 


beat  talpwBi  <■  Ob  «vk.  to  tatfatn  v  ts  pw* 
» ttopripiBriM,  Alt  ■  mmadvi^>eiamd-p    ' 
to  te  C^iedhr  allBRtt  a  AoMn      ~ 
i»  aBlr  RMMkiftlB  w  Um  result  of  pi 


Xh»  daiM  vd  mr-pmmge^  witt  tbcsr  pnta,  e 
■glMi  rf  TOcc  «■€  ifewh.  An  inqvinx  into  tiK  a 
aftteainneBaaBd  Urn  toTCtawrtk  fevdin^a 
B«e  to  rarpcin  fain,  Umb  &b  beater  in  ftek 
TliiAitaBaDdMlrMncbtotfeidns  otolsectei 
mIwUmj-  ngBS,  Oat  ifae  I&m  are  >fterwvdi  «n~ 
agne  almaBt  h  vindljr  is  %j  tte  vbjecte  the— 
iubabtaiitB  af  Onaa,  far  laBlnEe,  hare  eantdrcd  ■ 
1  detoRunediriMt  ■ 


I  dun,  may  Iwn  hiB  boffif  c^  p<bbs 
ked  aad  aaawJy  anahha,  labile  Ua  ■ 
M1I7  a  ijImmi^  BatinjoiaB  ni  Oe 


to  him  wbo  speaks ;  and  tbejr  a 
_  twmi^aiiicatiitma  throngb  man] 

and  connfenea  af  wb^  tiie  gpdkea  lasgnages  hare  d 
Tesemblimee. 

If  die  ready  rcsemblaiicc  of  rmble  marks  be  wonderfk^  I 
vlucb  have  permanent  exigtence,  and  often  a  certain  11  win  I 
blanoe  of  the  Uungs  si^m&ed,  bow  macb  more  wonderM  is  it  I 
tbat  an  aadible  sign,  timt  is,  a  passing  ^ond  or  fugitive  b 
duuld  Mire  as  well;  and  that  bj- a  eucceeaion  of  meie  a 
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different  in  every  eoantry  and  changing  from  age  to  nge,  any 
bain  of  thoitghte  maj  be  made  to  pass  through  the  minds  at 
an  audience,  so  as  to  leave  imprei^uiiB  almoBt  as  strong  as 
from  realitiea  !  Sueh,  ho^wevor,  is  the  fact ;  and  it  is  greatly 
owing  to  this  and  to  a  correspondin  g  fiiculty  of  producing  easily 
a  sufficient  number  of  distiiigui^able  souudB,  tltat  man  owca 
his  elevation  above  the  bmtes  of  the  field. 

His  godlike  powers  of  intellect  would  have  remained  dormant 
and  nnknown,  had  be  wanted  the  power  of  comparing  his  in- 
TiHLble  thoughts  with  those  of  his  fellow-men,  and  of  ormnging 
and  recording  them  by  means  of  signs. 

Written  Lmguage  is  a  double  remove  from  the  objects  them- 
selves, being  visible  sigtis,  not  of  things,  hut  of  the  audible  sigtia. 

The  admirable  apparatus  by  which  man  is  enabled  to  pro- 
duce a  sufficient  variety  of  sounds  to  answer  his  purposes  pasaca 
generally  under  the  title  of  the  organs  ofipeedi ;  because  tho 
combination  of  Bounds  which  have  meajiinga  assigned  to  them 
b  called  speech.  It  consists  of  the  chest  for  containing  air,  of 
the  larynx  or  eartilagiiiouB  bos  at  the  top  of  the  windpipe  for 
producing  the  voice,  and  of  the  short  tube  of  the  mouth  for 
modifying  jt. 

We  have  already  explained  that  soimd  is  the  name  given  to 
the  efl'ect  produced  upon  the  ear  by  certain  tremblings  con- 
veyed to  it,  generally  tliroiigh  the  medium  of  the  air ;  this  air, 
nishing  from  the  human  lungs  through  the  opening  at  the  top 
of  the  windppc,  may  be  modified  at  the  will  of  the  indiridual, 
in  a  great  variety  of  ways — a  variety  which  ia,  however,  stiU 
very  simple. 

Xhe  modifications  of  voice  easily  made,  and  easily  diatin- 
goishable  by  the  ear,  and  therefore  fit  elements  of  language, 
are  aboat  fifty  in  number;  but  no  single  language  contains 
more  than  about  half  of  tiiem.  They  are  diyisible  into  two 
Tory  distinct  and  nearly  equal  classes,  called  vowels  and  caw- 
$(manit. 

Those  of  the  first  class  are  the  eimple  voice  issuing  through 
the  open  month,  and  influenced  only  by  the  degrees  in  which 
tho  mouth  ia  opened  and  elongated.  They  may  be  continued 
as  long  as  there  is  breath  to  Issue  fiom  the  chest,  and  therefore 
STB  named  vowels  or  calling  savmis.  The  Eomon  letters  A  £ 
I  O  XT,  aa  generally  pronounced  on  the  continent  of  Europe, 
indicate  the    moat    easily   distinguishable  vowela.      Sounds 
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p—ing  tiiroogh  the  month  while  in  its  most  BaSanl  stale  of 
ickxatMO,  sre  hend  as  the  iwMlifa'jUion  1 4Bf  jwrd  ihen  hy  the 
Bonun  £  (or  the  a  of  the  Ei^iish  word  onnr) ;  if  die  maaOk 
be  then  indtoftdy  it  beeomn  A  (of  the  Engiish  wrd  hmr) ;  if 
unxnred,  we  hear  I  (or  €«  of  the  F.ngti^i  word  jwai);  if  llie 
month  be  elongated,  nid  at  die  same  time  widmed,  we  hear 
O ;  and  if  elongated  and  narrowed,  we  hear  U  (of  the  "KngBnh 
word  rwJU),  The  possible  nmnbcr  of  rowels,  howcTcr,  is  as 
great  as  the  possible  d^;ree  in  which  the  dimenaons  of  tliB 
moodi  may  be  altered.    Aboat  twenty  of  them  aze 


distingnishable ;  bat  £ew  languages  comprehend  so  many. 
Modem  art  can  prodnce  the  Towel  sonnd  mechanically,  by 
means  of  tabes  of  certain  dimensions. 

The  alphabets  of  'Enrojpe  are  Tery  fsialty  in  not  nang  ihe 
mane  characters  for  the  same  sounds,  and  in  not  haTing  a 
character  far  each  sound,  according  to  the  trae  intent  of  the 
alphabet.  In  English  one  letter  is  used  for  several  soands,  as 
A  in  water,  far,  fat,  fati,  which  are  four  perfectly  distinct 
sounds. 

In  repeating  the  Eng^h  alphabet,  the  A  is  pronounced  as 
a  broad  £  of  the  Italians,  and  the  £  as  the  I.  The  English 
Towel  I  is  the  diphthong  AI  of  the  more  correct  alphabets ; 
and  the  English  U  is  the  diphthong  lU.  In  consequence  of 
the  changes  which  have  taken  place  in  England  in  the  meaning 
of  the  Boman  letters,  the  difficulty  natives  experience  in 
learning  modem  continental  languages  is  often  great,  and  on* 
inteUigible  to  all  but  themselves.  The  same  cause  renders 
the  pronunciation  of  English  difficult  to  foreigners,  and  thus 
much  restricts  the  cultivation  of  English  literature  in  other 
countries. 

To  explain  the  second  class  of  the  modifications  of  sound, 
eaUed  consonants,  we  may  remark,  that  while  any  continued  or 
vowel  sound  is  passing  through  the  mouth,  if  it  be  interrapted, 
whether  by  a  complete  closure  of  the  mouth  or  an  approxima- 
tion of  parts,  the  eSect  on  the  ear  of  a  listener  is  so  exceedingly 
different,  according  to  the  situation  in  the  mouth  where  5ie 
intermption  occurs,  and  to  the  manner  in  which  it  occurs,  that 
many  most  distinct  modifications  thence  arise.  Thus  any 
contmucd  sound,  as  A,  if  arrested  by  a  closure  of  the  mouth 
fit  the  external  confine  or  lips,  is  heard  to  terminate  with  the 
modification  expressed  by  the  letter  P,  that  is,  the  syllable 
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t  has  been  pronounced ;  but  if,  under  similar  circumstjinces, 

e'  closure  be  made  at  the  back  cf  the  mouth  by  the  tongue 
jmng  agmnst  tbe  palate,  we  hear  the  modification  expressed 
by  the  letter  K,  aad  the  syllable  AK  has  been  pronounced ; 
and  if  tbe  closure  be  inado  in  the  middle  of  the  mouth  by  the 
tip  of  tie  tongue  rising  against  the  roof,  the  sound  expressed 
by  T  is  produced,  and  the  syDable  AT  is  heard ;  and  so  of 
otbers.  It  is  to  be  remarked  also,  that  the  car  is  equally 
sensible  of  tho  peculiarities,  whether  tho  closure  precedes  the 
continued  sound  or  follows  it ;  that  is  to  say,  whether  the 
syllables  pronounced  aro  AP,  AT,  AK,  or  PA,  TA,  KA.  The 
modifications  of  which  wc  are  now  speaking  appear,  then,  not 
to  be  really  sounds,  but  only  manners  of  beginning  and  ending 
sounds ;  and  it  is  becauso  they  can  thus  be  perceived  only  in 
connexion  with  vocal  sounds  that  thoy  are  called  consonants. 

There  are  in  the  month,  considered  as  a  vocal  tube,  three 
sitnations  in  which  interruptions  of  the  voice  or  breath  may 
most  conveniently  be  made,  and  there  are  tax  modes  of  niaking 
it  at  each ;  so  that  eighteen  distinct  interrupdve  modifications 
or  consonants  hence  arise.     These  we  shall  now  describe. 

The  three  great  oral  positions,  as  they  may  bo  called,  are; — 

1.  At  tho  externa!  confine  of  the  mouth,  or  lips,  giving  the 
lalnal  articulations, 

2.  In  the  middle  of  the  mouth,  where  the  tip  of  tho  tongue 
approaches  the  palate,  behind  the  teeth,  producing  HhB^alatal 
inoculations, 

3.  Near  the  back  of  the  mouth,  whore  the  body  of  the  tongua 
approaches  the  palate,  giving  the  guttural  articulations. 

The  six  modes  in  which  the  voice  or  breath  may  be  affected  , 
in  passing  through  each  of  tbe  three  poeitioja  of  the  mouth  , 
are  the  following : —    ■ 

1.  A  sudden  stoppage,  producing  what  moy  be  called  a  mvie 
articalation,  viz.  P  in  the  labial  position,  T  in  tho  palatal, 
and  K  in  the  guttural.  In  pronouncing  cxpeiimentally,  it  is 
better  that  the  vowel  be  heard  before  the  consonant  than  after 
it,  as  by  sounding  tho  syllable  AB  instead  of  B  A.  See  the  general 
Tabic  of  articulations  on  page  233.  Tho  Table  may  be  con- 
siderod  as  representing  the  tube  of  the  month,  with  the  lettera 
BO  placed  in  it  as  to  show  in  what  situations  they  are  severally 
l^oduced,  A  mute  may  also  bo  made  by  stopping  the  breath 
exactly  at  the  teeth,  producing  thus  a  dental  mute ;  but  it  is 
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hardly^  distinguiahable  from  the  palatal  mvU  jnst  ti 
and  being  less  perfect,  u  not  used.  Some  owkwErd  w 
Bubstituti?  it  for  the  proper  mute,  and  are  eaid  to  speak  thicl. 
If  tbo  Bides  of  the  tongue  be  dcpreuscd  after  it  has  tiiken  tlie 
position  required  for  T,  the  sound  L  is  produced. 

2.  A  sudden  shutting,  as  in  the  previous  cose,  bat  the  voice 
being  iJlowed  to  continue  until  the  part  of  the  mouth  behind 
the  closures  be  distended  with  air.  This  produces  the  stmi- 
taatea  B,  B,  ttnd  G  (in  its  hard  sound,  as  in  piy),  for  the  three 
poaitions.  There  might  be  a  dental  half-muCe,  but  it  is  of  no 
moro  use  than  the  dental  mtite,  and  for  the  same  reasona, 

3.  The  positions  closed,  aa  for  the  mutes,  while  sound  is 
allcpwed  to  pass  by  the  nose.  Thus  arise  the  aemi-vouielt  ta 
■aasaU,  U,  N,  'SG,  for  these  three  poutions.  NG  (as  in  Icing) 
is  a  simple  sound,  although,  our  imperfect  alphabet  has  no 
ungle  letter  for  it.  The  nasal  sound  of  the  French  language, 
which  gives  it  so  great  a  peculiarity,  approximatea  to  the 
English  NO,  but  differs  from  it  in  liio  sound  passing  by  the 
mouth  as  well  as  by  the  no&e.  It  is  represented  by  ng  in  the 
Table. 

4.  Breath  only,  or  whispeT,  allowed  to  paes  at  the  three  oral 
posjtioiis  nearly  closed.  Hence  come  the  sounds  which  we  call 
aspirates,  viz.  P,  TH,  and  OH ;  the  two  latter  are  simple  aotmds, 
although  ospresaed  in  Eng-liah  by  two  letters.  The  I'H  is 
heard  in  the  word  bath,  and  ia  the  a  of  the  Greeks.  The  CH 
b  heard  in  the  Scotch  word  lock,  in  the  German  mA,  and  is 
the  V  of  the  Greeks,  The  soft  palatal  aspirate  TH  is  not  so 
casi^  made  aa  the  denial,  which  is  heard  on  pressing  the 
tongue  gently  against  the  teeth,  and  allowing  the  breath  to 
pass  all  round ;  the  dental,  ther^re,  is  uaed  in  preference  to 
the  palatal.  The  letter  S  is  the  hard  palatal  aspirate,  and 
differs  from  the  soft  aspirate  TH  in  the  lireath  being  made  to 
isaue  with  greater  force,  and  only  by  a  narrow  space  over  the 
centre  of  a  rigid  tongue,  instead  of  on  all  sidea  of  a  Eoft  tongue, 
as  for  TH.  French  people,  on  firat  attempting  to  pronounoe 
TH,  always  substitute  for  ib  the  3  or  the  Z  (which  is  nearly 
related  to  8,  as  explained  below),  A  little  practice  will 
<aiable  them  to  pronounce  the  TH  at  once,  and  perfectly,  by 
explaining  ita  nature  as  above.  If  we  depress  the  sides  i^ 
tlio  tongue  while  pronounciDg  S,  we  make  the  simple  sotmd 
ozpresaed  by  the  English    doable  letter  SH;    jnst  sa  hy 


oepreflBmg  tie  aides  of  the  tongue  while  making  T  v 
dwe  L. 

6.  Using  wke  in  the  same  manner  as  Inaih,  or  whiKper, 
for  the  aspiratea.  This  produces  the  soonda  called  vocal 
atpiraiet,  ia  heard  in  6b(7m,  ae  contraated  with  the  simpU 
aipimtes  in  hath:  Z  comes  from  the  S  position,  only  with 
ammd  instead  of  breath  ;  8H  pronounced  with  voice  hecomos 
the  J  of  the  French  in  the  word  jt,  or  the  sound  heard  in  the 
middle  of  the  English  word  vision.  GH  ia  a  siiuple  sound, 
nsed  in  Gorman,  hut  not  in  English. 

6.  Shaking  the  approaching  parta  in  the  three  positions. 
"We  thus  make  vibratory  sounds,  of  which  the  middle  position 
^vo8  the  common  K, — the  only  one  of  them  used  in  England. 
Some  had  speakers  of  English,  however,  make  the  labial  vibra- 
tory by  shaking  the  F  in  such  words  ea  property ;  and  many 
use  the  guttural,  which  is  the  burr  of  Norlhnmberland,  and 
HiB  common  affectation  in  the  PariBian  speech  called  parler 

i,  or  yraaseyer. 
Additional  Remarks. 

The  sound  of  H  does  not  belong  to  any  of  the  three  positions ; 
and,  indeed,  ie  merely  a  fordble  passing  of  the  breath  through 
the  back  part  of  the  mouth  or  throat. 

CH,  in  such  words  oa  chain,  means  T  before  SH, 

J,  as  heard  in  the  English  word  John,  is  a  compound  sound, 
m.  D  before  the  simple  J  of  the  Table,  which  ia  S  of  vision. 

LL.  The  liquid  or  double  LL  of  the  French,  as  heard  in  the 
word  paUle,  is  merely  L  with  the  letter  Y  begun  to  be  pro- 
aoonced  after  it.    It  is  hccurd  in  tlie  English  word  billiarA 


L.b-.l. 
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ng,  m 

SeHiiTowel  or  naaol. 

th,  a,  ah 

ch,  n 
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Ek 

Vocal  aapiraW. 
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ehr 

VibratOTy. 
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and  halyard,  and  would  be  their  tenninating  liqnid  were  the 
syllable  ard  not  pronounced. 

ON.  The  soft  ON  of  the  Italians  and  French  is  the  English 
N  with  Y  begun  to  be  prononnoed  after  it.  It  is  heard  in  our 
word  tan-yard ;  and  in  the  Italian  words  peyno,  bagnio ;  and 
in  the  French  word  craignent, 

C  in  English  stands  always  either  for  S  or  K,  as  in  the 
words  certain  and  ear,  and  has  no  sounds  proper  to  itself. 

Q  expresses  a  compound  sounds  viz.  of  the  letter  X  with  XT 
following  it. 

The  consonants  are  best  heard  by  sounding  them  with  voice 
before  them ;  that  is  to  say,  by  making  them  rather  terminate 
a  syllable  than  begin  it ;  pronouncing  B,  D,  G  thus,  eh,  ed,  eg, 
rather  than  their  common  alphabetical  names,  he,  de,  ge. 

The  labial  sounds  may  be  made  either  by  the  two  lips,  or  by 
one  lip  and  opposite  teeth. 

E  may  be  pronounced,  for  instance,  by  the  lips  only,  or  by 
the  lips  and  teeth ;  and  some  persons  awkwardly  make  it  by 
the  under  teeth  and  upper  lip. 

The  letters  Y  and  I,  in  most  modem  languages,  stand  for 
nearly  the  same  sound.  In  English,  for  instance,  hxinion  and 
minion  might  be  written  hullyon  and  minyon  without  suggest- 
ing a  change  of  pronunciation.  In  the  words  yard,  you,  yes, 
&c.,  the  Y  is  a  short  I,  very  closely  joined  to  the  following 
syllable. — ^W  is  also  thus  a  short  JJ,  as  perceived  in  the  words 
war,  we,  &c. 

"By  language  fathers  have  communicated  their  gathered 
observations  to  their  children ;  and  these  again,  with  gradual 
accumulations,  to  new  descendants ;  and  when,  after  many 
ages,  the  precious  store  had  increased  until  the  simple  powers 
of  memory  could  retain  no  more,  the  art  of  writing  arose, 
making  language  visible  and  permanent,  and  enlarging  without 
limits  the  receptacles  of  wisdom  ;  and  then  the  art  of  printing 
came,  to  roU  the  still  swelling  flood  of  knowledge  into  every 
hamlet  and  every  hut.  Language  thus,  at  the  present  moment 
of  the  world's  existence,  may  be  said  to  bind  the  whole  human 
race  of  uncounted  millions  into  one  gigantic  rational  being, 
whose  memory  reaches  to  the  beginmifg  of  written  record,  and 
retains  imperishably  the  important  events  that  have  occurred ; 
whose  judgment,  analysing  the  treasures  of  memory,  has 
already  discovered  many  of  the  sublime  and  unchanging  laws 


of  nature,  and  has  built  on  them  the  arts  of  life,  and  through 
them,  piercing  far  into  futuiity,  seea  distinctly  events  that  are 
to  come;  and  whose  eyes  and  cars  and  ohseivant  mind,  at  tbia 
moment,  in  every  corner  of  tiie  earth,  are  watching  and  re- 
cording new  phenomena,  for  the  purpose  of  etOl  hetter  com- 
prehending ike  magnificence  and  simphcity  and  hoanty  of 
creation," — 2)r,  A<mott, 


■  CHAPTER  Vin. 

HEAT.  I 

Nature  of  Seat. 
Hkat,  88  well  as  light  and  electricity,  is  called  an  imponderable 
(Lgeat,  because,  whether  material  or  not,  it  is  certain  that  it 
has  no  weight.  A  body  which  ia  Miarm  (i,  e.  under  the 
inflttenee  of  heat)  is  neither  heavier  nor  lighter  than  one 
which  ie  cold.  Heat  is  also  called  calorie.  Like  light,  it  ia 
enable  of  being  radiated  from  a  centre,  of  being  reflected  in 
straight  lines  from  certain  surfacee,  and  transmitted  by  certain 
media.  It  differs  from  light  in  its  power  of  entering  into 
combination  with  material  bodies.  It  canaes  them  to  become 
warw,  or  not  to  the  sense  of  touch,  in  various  degrees,  according 
to  the  amount  of  heat  present.  At  the  same  time  it  iacreaseB 
the  distance  between  the  particles  of  the  body,  causing  them 
to  repel  each  other,  or,  as  some  have  aupposed,  iuainuating 
itaelf  between  them,  and  actually  itself  occupying  apace.  Not 
only  does  heat  separate  the  molecules  of  a  body,  and  thus 
cause  it  to  occupy  a  greater  spaco  than  before,  hut  it  loosens 
their  mutual  adhesion,  so  tlmt  under  this  influence  a  solid 
becomes  a  liquid,  and  a  liquid  beeomcs  a  vapour  or  a  gas.  It 
also  promotes  chemical  change.  It  may  cause  the  combinatioa 
of  elements  that  aro  apt  to  comtine,  as  when  the  carbon  of 
wood  combines  with  the  oxygen  of  the  air,  the  wood,  by  the 
removal  of  tboe  carbon,  being  burnt  or  destroyed ;  or  it  may 
BJmply  separate  elements  previously  united,  as  when  the  oxygen 
is  djiven  off  by  heat  from  the  oxido  of  a  metal. 

Light  affects  only  the  aense  of  vision.  Heat  acta  on  the 
eenae  of  touch  oi  feeling,  causing  to  the  skin  a  sensation  of 
warmth  or  hnming, 

Heat  may  therefore  be  defined  as  follows : — an  agency  (or 


I 
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matter)  Hiat  produoeB  expannon,  weakens  ooheracm,  pnmotea 

chemical  change,  and  is  reeognijied  by  the  sense  of  feeling. 

Oa  attempting  to  go  fiirther,  we  find  onraelvos  at  a  stond- 
Btill.  What  is  hpoX  t  And  first,  is  it  material  or  immaterialf 
Its  being  so  potent  a  cause  of  oxpanBion,  has  led  to  the  belirf 
that  it  is  a  material  a^cnt  of  extreme  tonnitj-,  posseeaed  oF 
indefinite  powers  of  sclf-repnlsion.  so  that  it  pnshes  asunder 
the  particleB  of  a  body  just  in  proportion  to  the  degree  in 
which  it  exists  in  that  body.  It  exists  to  some  extent  in  aU 
substances,  and  may  be  eliminated  or,  as  it  were,  sfjueezed  out 
of  them  by  friction  or  compreaairai.  Tho  savage  infiamee  two 
dry  sticks  by  nibbing  them  together,  and  Count  Bumford 
cansed  water  to  boil  by  boring  metal  boneath  its  surface. 
Heat  becomes  combined  with  matter,  and  differs  thus  essMi- 
tially  from  light,  which  ceases  to  be  crident  when  the  radiating 
source  Is  cut  off.  Light,  when  absorbed,  is  lost ;  heat,  when 
absorbed,  continues  active.  Heat  is  generally  known  in  com- 
bination with  matter;  yet,  like  light,  it  radiates  through  a 
racuum,  and  must  therefore  have  an  independent  existence. 

The  arguments  against  the  materiality  of  heat  are  stronger 
than  those  in  its  favour.  It  is  imponderable.  It  is  transmitted 
by  radiation,  in  tho  manner  of  forces,  and  of  light,  an  inflnenee 
having  the  nature  of  a  force.  It  is  very  irequently  accom- 
panied by  light,  as  in  the  heat  of  the  sun,  ordinary  combustion, 
and  the  electric  spark ;  and  light  is  now  generally  supposed  to 
be  immaterial.  like  light,  it  is  rejected  only  by  certain 
eurfaces,  and  transmitted  only  by  certain  media.  Light  i» 
conceived  to  consist  of  Utus  of  rapid  vibration  in  thepartid^ 
^animponderablejtuid  (or  "  other  "^ivhick  pervades  all  apaoBt 
Best  may  thus  consist  of  another  kind  of  vtbrationB  in  tho 
same  particles.  If  so,  these  vibrationa  must  be  of  sui^  a 
nature  as  te  cause  the  particles  of  matter  te  fly  asunder, 
prodndng  repulsion.  Besides  this,  they  must  be  permanent 
vibrations,  motions  which  never  cease.  Heat  remains  com- 
Idned  with  matter,  and  light  eeaaos  when  a  ray  ia  cut  off.  A 
sonorous  body  cannot  resound  for  ever  of  its  own  accord,  Imt 
the  beat  vibrationa  in  all  bodies  must  coatinue  without  limii 
until  transferred  by  contact  with  another  body,  or  by  radiation. 
All  heated  matters  lose  heat  by  conduction  (contact)  or  radia- 
tion, until  an  equilibrium  of  temperature  ia  obtained.  Hot 
water  in'an  apartment  ooola  gradually  to  the  temperature  of 


the  room.  The  earth  at  night  loaea  mtith  of  the  heat  it  has 
abeorbed  by  day,  by  radiation  into  the  cooler  atmosphere, 
IThis  coohng  may  go  on  at  the  polo  till  the  earth  has  faUen  to 
Uie  temperature  of  the  planetary  space.  The  hand  laid  on 
marble  or  cold  steel,  at  once  loses  heat  by  conduction, — it  feels 
€old.  Cktldisthe  comparative  absence  of  heat.  Hcatisnever 
absolutely  absent  from  anything.  There  is  no  known  limit  to 
the  degree  of  cold  which  may  be  produced.  The  feeling  of 
Tnrmth  is  the  communication  of  heat  to  tho  eldn  from  a  sub- 
stance warmer  than  itself.  Either  heat  or  cold,  beyond  a 
«ertain  point,  would  cause  doatruetion  of  tissue  and  of  life, — 
beat,  by  burning  and  decomposing ;  cold,  by  contracting  or 


The  transference  of  heat  from  one  body  to  another  is  eausod 
amply  by  a  general  tendency  to  an  equilibrium,  or  identity  of 
temperature  in  all  matter ;  hut  no  substance  ever  cools  down 
to  such  a  point  as  to  be  entirely  devoid  of  heat. 

Heat  is  thus  a  radiating  force  which  resembles  light  in 
many  re.speetB,  but  differs  from  it  in  its  permanency,  or  power 
of  combining  with  matter.  The  theory  of  heat  which  we  have 
tnenturcd  thus  dubiously  to  announce,  was  carried  out  in  a  more 
positive  manner  by  the  illustriona  Sir  Humphry  Davy,  who 
attributed  the  permanence  of  heat  to  the  existence  of  heat- 
vibrations  in  the  solid  particles  of  matter  itaelf.  He  remarks, 
"  Tho  immediate  cause  of  the  phenomena  of  heat  is  motion; 
and  the  laws  of  its  communication  are  precisely  the  same  as 
the  laws  of  the  communication  of  motion.  Since  all  matter 
may  be  made  to  fiU  a  smaUor  volume  by  cooUng,  it  is  evident 
that  the  pariitlcs  of  matter  must  have  apace  between  them; 
and  since  every  body  can  oomnmnieate  the  power  of  expansion 
to  a  body  of  a  lower  temperature,  that  is,  can  give  an  expansive 
motion  to  its  particles,  it  is  a  probable  inference  that  its  own 
particles  are  possessed  of  a  motion ;  but  as  there  ii  no  ebange 
in  the  position  of  Its  parts  as  long  as  its  temperature  is  nniform, 
the  motion,  if  it  exists,  must  bo  a  vibratory  or  undulatory 
motion,  of  a  motion  of  particles  round  their  axes,  or  a  motioTi 
of  particles  round  each  other.  Again,  it  seems  possible  to 
account  for  all  the  phenomena  of  heat,  if  it  be  supposed  that 
in  solids  the  particiea  are  in  a  atute  of  vibratory  motion,  the 
porticlce  of  the  hottest  moving  -with  tho  greatest  velocity,  and 
through  tho  greatest  space ;  that  in  liquids  and  elastic  fluids, 
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besides  the  Tibratorj  motion,  which  must  be  concdyed  greatest 
in  the  kst,  the  particles  have  a  motion  round  their  own  axes^ 
with  different  velocities,  and  separate  ^m  each  other,  pene- 
trating through  right  lines.  Temperature  may  be  conceived 
to  depend  upon  the  velocities  of  the  vibrations,  increase  of 
capacity  on  the  motjion  being  performed  in  greater  space ;  and 
the  diminution  of  temperature  during  the  conversion  of  solids 
into  fluids  or  gases  may  be  explained  on  the  idea  of  the  loss  of 
vibratory  motion,  in  consequence  of  the  revolution  of  partieles 
round  their  axes,  at  the  moment  when  the  body  becomes  liquid 
or  uniform ;  or  from  the  loss  of  rapidity  of  vibration  in  conse- 
quence of  the  motion  of  the  particles  through  greater  space." 
It  must  be  observed  that  Locke,  before  Davy,  considered  heat 
to  be  a  ''  motion  or  brisk  agitation  of  the  insensible  parts  of 
an  object." 

That  heat,  though  so  often  connected  with  light,  is  not  a 
mere  variety  of  the  same  force,  seems  to  have  been  proved  by 
Melloni,  who  has  effected  a  distinct  separation  between  them. 
A  plate  of  obsidian  or  black  mica  allows  heat  to  pass  freely 
through  it,  but  scarcely  any  light ;  whereas  a  peculiar  kind  of 
green  glass,  brushed  on  one  side  with  a  solution  of  alum, 
permits  the  passage  of  light,  but  not  of  heat.  By  certain 
coloured  solutions,  similar  results  may  be  obtained. 

Sources  of  Heat, 

The  sun  is  the  great  source  of  heat.  Heat  reaches  us  from 
the  sun  by  radiation  with  the  same  rapidity  as  light,  which  it 
accompanies.  The  earth,  when  removed  more  or  less  from  the 
sun's  influence,  as  in  winter  or  at  the  Pole,  becomes  cold,  and 
loses  its  own  heat  by  radiation  into  space.  When  the  ray  of 
light  in  the  sunbeam  is  decomposed  by  the  prism  into  its 
component  parts,  it  is  found  that  the  greatest  degree  of  heat 
coincides  with  the  red  ray,  and  extends  beyond  it,  the  ray  of 
heat  transcending  considerably  the  limits  of  the  ray  of  light. 

The  earth  itself  is  a  second  source  of  heat.  The  great  inter 
rior  mass  of  our  planet  is  believed  to  be  in  a  state  of  fiery 
ignition,  consisting  of  a  liquid  mass  of  molten  rock  such  as  is 
occasionally  ejected  from  the  mouths  of  volcanoes.  However, 
the  solid  crust  of  the  earth,  which  is  many  miles  in  thickness, 
is  so  bad  a  conductor  of  heat,  as  to  prevent  this  high  tempera- 
ture of  the  interior  from  producing  much  effect  at  the  surface 
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iction  and  compression  are  a  caUBe  of  heat.     "WTiou  the 

"tides  of  matter  are  brought  into  eluser  contact,  heat  ia 
eliminated  from  thein.  When  they  are  acparatecl  or  espanded, 
heat  is  absorbed  fi^m  BUrrounding  bodies.  Compressed  air 
gives  out  great  beat ;  oa  being  again  allowed  to  expand,  it 
produces  cold  (i.  e.  absorbs  heat).  Pieces  of  wood,  rubbed 
together,  may  bum,  from  the  compression  of  the  superficial 
particles.  A  metal  button,  rubbed  briskly  oa  a  piece  of  cloth, 
becomes  soon  too  hot  to  be  held.  Count  lluiofurd  caused 
water  to  boil  by  the  friction  produced  in  boring  a  brass  cannon. 
A  coin  just  struck  vith  the  die  is  intensely  hot.  A  heatod 
piece  of  iron  may  bo  hammered  up  to  a  white  heat  by  the 
blacksmith.     Heat  in  all  these  cases  results  from  compression. 

Oitndcal  action  is  a  source  of  heat.  The  artificial  heat 
which  protects  us  from  the  cold  of  winter  is  derived  from 
combustion.  Combustion  is  simply  the  rapid  oxidation  (com- 
bination with  the  oxygen  of  air)  of  the  carbon  and  hydrogen 
which  exist  in  organic  bodies.  Combustion  gives  out  light  as 
well  as  heat.  A  body  may  be  heated  to  a  considerable  extent 
without  evolving  light,  but  heat  is  usually  accompanied  by 
light  as  soon  as  the  substance  has  reached  the  temperature  of 
about  1000°  of  Fahrenheit's  thennometor.  When  this  evolu- 
tion of  heat  and  light  is  accompanied  by  oxidation,  the  process 
is  called  combmtion.  When  there  is  no  oxidation,  it  is  called 
ignition,  as  seen  in  iron  at  a  white  heat. 

Any  uhemical  combination  which  produces  condensation, 
will  aJso  cause  heat,  A  familiar  example  of  this  occurs  when 
oil  of  vitriol  is  mixed  with  wat^r,  the  two  liquids  when  together 
occupying  a  smaller  space  than  they  did  when  separate. 

Electric  action  ia  another  source  of  heat,  ^len  an  electric 
corrent  suddenly  overcomes  an  obstacle,  as  passing  from  one 
conductor  to  another  through  the  air,  heat  and  light  are 
developed  in  the  electric  spark  ;  or  when  it  passes  thraugh  a 
condoctingmodium  which  offers  much  resistance  to  its  passage, 
heat  may  bo  produced,  aa  seen  in  the  incandescence  of  a  thia 
phitinum  wire,  which  may  even  be  melted  by  the  current  of  a 
poweriul  battery.  By  causing  the  current  to  pass  betweea 
charcoal  points  tenninuting  the  wires  of  a  galvanic  battery,  the 
electric  light  is  produced.  By  the  spark  of  a  discharge,  such 
heat  ia  procured  as  will  suffice  to  ignite  gunpowder,  to  ex- 
plode a  mine  under  the  earth,  or  under  water.    Thus  under 
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certain  ciroiunHtnnces.  electricity  products  heat ;  nndor  certain 
othorB,  heat  'will  produce  electricity ;  there  mnst  therefore  bo 
Bome  analogy  beftween  these  agencies,  ns  well  as  between  heat 
and  light. 

Vital  attioit  is  somettmes  enumerated  as  a  cause  of  heet. 
It  is  probable,  however,  that  all  tta  heat  uf  the  animal  fmnu 
depends  on  the  continual  comhmtLon  in  a  slow  manner  of  oer- 
tarn  elementa  of  the  food  by  means  of  oxygen  received  into 
the  sj'Btem  from  the  air  inhaled  in  the  process  of  respiratian. 
Some  suppoBo  that  heat  is  evolved  by  nervous  (as  well  aa  by 
electrical  action.  The  human  body  and  that  of  quadrupeds  it 
m^tained  contanuaUy  at  the  temperature  of  98° — 100°.  Thfl 
body  of  a  bird  may  bo  at  120°. 

There  is  a  muttml  relation  between  heat  and  life.  Heat 
causes  life,  and  life  produces  heat.  "Without  a  certain  tempara- 
ture,  seeds  do  not  germinate,  eggs  are  not  hatched,  planto  end 
animals  die.  ATiimnln  manufacture  their  own  heat.  Plaoti 
cannot  do  this,  they  depend  on  the  world  around  them  j  is 
winter  they  perish  or  are  dormant.  The  returning  heat  rf 
spring,  recalling  them  to  life,  clothes  the  woods,  and  filla  the 
fields  with  plenty.  Heat  is  employed  by  man  for  hia  cnm 
purposes;  it  produces  expansion,  and  is  his  great  source  of 
motion  and  power.  It  renders  metals  tractable,  so  that  lia 
moulds  and  works  them  to  his  will ;  by  its  agency  hard  orgaiH 
ized  gubstances  are  softened,  and  rendered  fit  tor  human  fi>odi 
In  the  absence  of  heat,  all  is  stsrility,  solidity,  and  silence; 
nature  ceases  from  her  works,  and  slumbers  in  a  sleep  as  of 
death. 

Ej^a'asiort  catistd  by  Heat. 

Heat  is  tlffl  direct  antagonist  of  the  cohesive  force  in  matter. 
It  causes  the  particles  to  separate,  so  that  the  body  which  con- 
sists of  tiem  is  botii  rendered  less  fii-m  and  coherent,  and  oocn- 
pies  a  greater  space.  If  not  decomposed,  a  sohd  is  transfonaed 
by  heat  into  a  liquid,  and  the  liquid,  at  a  still  higher  tempc2»- 
ture,  becomes  a  gas  or  vapour.  But  even  without  this  chaogi 
in  its  essential  form,  the  subetance  heated  undergoes  espannoB. 
A  closed  bladder  will  burst  if  heated,  by  the  e:spaiiaion  of  tl» 
air  within  it.  The  eipaasive  force  of  the  vapour  of  water  il 
well  known.  Liquids  expand  as  well  as  gases.  If  a  nanw 
tohe  be  fitted  to  a  flask  foil  of  water,  and  heat  be  applied  in 


tlie  flask,  the  water  will  gradually  rise  in  the  tube.  The 
gntdaal  erpansiun.  by  heat  of  the  fluid  metal  mercuty  supplies 
us  with  that  valuable  iustrameut,  the  mercurial  ^ermomcUr. 
Tfaennometera  may  also  be  made  of  air  or  water,  both  of  which 
expand  pretty  equally  for  equal  increments  of  heat.  If 
heated  from  the  temperature  of  ice  to  that  at  which  water 
boils,  1000  parts  of  mercury  measure  1018  parts,  of  water 
1045,  of  oil  109.5,  and  of  alcohol  1100.  Here  the  lightest  and 
least  coherent  liquids  expand  the  moat. 

Solids  likewise  expand  with  heat.     In  those  which  easily 
melt,  in  compressible  materials,  and  in  substances  like  wood,  • 
which  are  decomposed  by  a  high  temperature,  this  increase  in   ■ 
balk  is  not  easily  measured.     But  in  metals,  which  are  finn, 
and  bear  a  high  heat  without  fusing,  it  is  readily  appreciated,. 

The  eJtpansion  of  iron  by  heat  is  demonstrated  in  a  verj*  j 
simple  manner :  eab  (fig.  157)  is  a 
gauge  into  which  the  piece  of  iron  a 
fixed  to  3  handle,  when  eold,  fita  easily  I 
into  the  part  cut  out  at  the  edge ;  1 
when  a  is  heuted.  from  its  then  ( 
pandod  state,  it  will  not  pass  into  the  | 
open  part ;  /  is  a  circular  rod  of  iron, 
and  freely  passes  into  the  holoa  h  r 
when  cold ;  but  on  being  heated,  it  is 
fjund  then  to  be  too  large  for  the  holes.  ^S.- 1"^' 

Heated  to  the  same  extent  as  above  mentioned,  the  following 
metals  expand  in  different  degrees,  to  which  the  ratio  sub- 
Joined  will  be  an  approximate  guide; — 
^-  Copper  j^  of  its  length. 


si. 

rirr         '■• 

Taking  advantage  uf  tho  knowledge  obtained  by  the  inves' 
itions  which  have  been  very  carefully  made  into  the  laws  o 
ifflon  in  bars  of  metals,  we  have  been  enabled  to  give  i 
tticy  to  the  lengths  of  the  pendulum ;  every  variation  ii 
ngUi  of  which  produces  a  correBponding  variation  in  it 
i  of  oeoillation.  Campemai'ion  pemluloi/is,  as  they  i 
I,  arc  variously  made  :  the  most  common  form  b 
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In  Ikis,  the  maat  nd  b  of 
Aslfae 
that  of  iron,  tbe  bars  are  made  Dneqnal;  and  •odi  ft 
ia  established  between  them,  that  the  eJemtion  td  a 
oannterhalanc«s  the  depression  of  the  other.     Tbe 
a»tg>ensatitm  ptntlulum  te  another  form,  in  which  the 
kind  of  bompensation  is  effected  by  means  of  fluid 

Tbe  expansion  and  contractian  of  iron  is  exemidtfied  ia 
Husg^oM  Suspension  Brid^.  which  crosses  the  Thames  mi& 
a  span  of  ld52  feet  in  length :  the  height  of  this  chain  rad- 
iray  varies  in  the  hottest  day  of  summer  and  the  ealdest  in 
winter  to  the  extent  of  ei^t  iocbes.  Due  allowance  has  been 
made,  in  laying  down  railroads,  for  the  expunaion  and  coo- 
tractiott  of  the  iron  rails.  The  steeple  of  the  liret  Bow  ChnncJi, 
in  Cheapfjdc,  London,  was  fastened  together  with  iron  by  tha 
architect,  and  the  consequence  was^  that  tbe  alternate  expanaim 
and  contraction  of  the  iron-work  which  t^ok  place  bxa.  tbh 
changes  of  temperature  uf  the  atmosphere,  so  looeened.  file 
masonry  that  the  bells  were  for  many  years  silent. 

We  know  from  everv-day  experience  the  effect  produced  bf 
beat  and  c<dd  on  the  strings  of  a  pianoforte,  the  iron  gates  of 
a  mansion,  and  the  bell-wires  of  a  house ;  we  hear  too, 
times,  of  the  iron  girder?  and  pillars  used  is  buildings 
down  the  entire  fabric  by  tbeir  change  of  length. 

Other  familiar  phenomeDa  are  due  to  the  expanaioa  oanoed 
by  heat.  Doors  and  windows  that  fitted  loosely  in  tiiawinbM;' 
may  become  tight  in  the  suramer.  A  thick  glass  Teasel  vJH. 
break  when  hot  water  is  pwored  into  it,  as.  the  glass  being  ■ 
bad  conductor  of  heat,  the  inner  layer  elands  before  the  ovtaF 
has  had  time  to  do  bo.  A  thin  glass  will  escape,  as  It  ta  hrntwl 
through  immediately. 

Of  crystals,  when  heat«<l,  it  is  remarkable  that  they  fre^ 
ijaently  expand  in  one  direction  (that  of  one  of  their  axes) 
more  than  in  another.  Water  presents  as  with  an  extzaordi- 
nary  exception  to  the  nsaal  effects  of  heat  and  cold,  tfeariy 
down  to  the  freezing-point  it  goes  on  re^nlarly  Qantraoting^ 
bat  on  becoming  ice  it  expands,  and  occnpies  more  space  tlum 
when  in  the  Uquld  form.  Ice,  when  first  melted  by  heat,  doas 
not  expand,  but  positively  contracts.  It  constitntes  a  mat 
important  exception  to  a  nile  that  is  almost  nnireraal. 
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The  Bamo  power  by  which  it  ecparatcs  and  diiyos  asunder 
the  atoms  of  simple  txidies,  causes  heat  to  be  a  powerful  agent 
in  promoting  chemical  deeompositioii.  This  has  already  been 
instanced  in  tho  burrang  of  organic  Bubstaneee.  Hfoat  mineral 
or  inorganic  eompounds  are  in  the  same  manner  dccompofiiid  by 
beat,  though  they  reqitiro  a  higher  temperature  for  the  purpose. 
Even  water,  which  is  converted  by  heat  into  steam,  may  be 
decomposed  into  its  two  gaseous  elements  by  an  intense  heat 
inetantaneoufily  brought  into  action.  This  has  been  shown  by 
some  recent  experiments  of  Mr,  Grove.  If  platinum  wire  be 
fused  by  the  blowpipe  and  the  globule  allowed  to  fell  into 
water,  bubbles  of  oxygen  and  hydrogen  form  together  with 
steam,  and  may  be  collected  in  a  gluaa  tube  aa  they  rise.  The 
aarae  effect  ia  produced  by  the  electric  apark,  or  by  a  fine  piece 
of  platinum  wire  connected  at  each  end  with  one  pole  of  a 
battery,  so  aa  to  become  iacandeaeent. 

The  most  simple  form  of  the  experiment  is  bs  follows: 
A  tube  (of  the  form 
of  Volta'a  eudio- 
meter, having  a 
curved  piece  of  pla- 
tinum   wire     sol- 

deredintoitabove)  » 

being  filled  with  ijiST^Ti" 
water,  is  placed  in  r~^  T 
an  inelined  posi- 
tion, and  the  dame 
of  a  apirit-lamp 
mode  to  play  upon 
its  upper  part,  until  a  portion  of  it  is  converted  into  steam  .- 
contact  is  tlien  made  between  the  battery  and  the  wire ;  and, 
as  the  wire  becomes  instantly  white  hot,  the  deoompoaition  is 
effected,  and  a  bubble  of  mixed  gas  formed.  Tlua  bubble 
appears  to  be  tbrmed  by  the  first  action ;  for,  however  long  the 
operation  may  be  continued  with  the  same  steam,  no  further 
decomposition  results :  remove  the  lamp,  ami  allow  the  water 
again  to  fill  the  tube,  and  again  convert  some  of  it  into  steam, 
and  another  bubble  may  be  formed.  The  esperiroont  was 
tded  under  a  different  form,  and  the  same  result  produced  by 
the  eleetrical  spark,  to  the  heat  of  which  alone  Mr.  Grovu 
thinks  the  decomposition  of  the  watiT  is  due. 
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fluid  in  the  Teasel  below.  In  Leslie'i  differential  thermometer 
this  disturbing  inflnence  is  esoluded.  Thia,  however,  can  only 
be  used  for  a.  special  purpose.  Two  bnlbe  and  tubes  are 
arranged  parallel  to  one  another,  and  the  tubes  connected  by 
ft  crosa  one  below,  which  is  fixed  to  a  stand.  The  cross  tube 
and  about  half  of  each  of  the  vertioal  tubes,  are  filled  with  the 
coloured  water.  The  amount  of  air  is  the  same  on  each 
side.  If  both  bulbs  are  at  the  same  heat,  the  liquid  is  at 
tie  same  height  in  the  tubes.  If  one  be  wanner  than  the 
other,  the  air  expands,  and  presses  the  liquid  towards  the 
other  bulb.  Thus  the  liquid  indicates  only  any  difference 
in  temperature  between  the  two  bulbs,  and  the  instrument 
is  employed  in  certain  delicate  es^jeriments  to  bo  mentioned 
presently. 

Fahrenheit,  the  Dane,  about  the  commencement  of  the  18th 
century,  introduced  mercury  as  a  means  of  measuring  heat ; 
and  as  this  liquid  metal  expands  moderately  but  uniformly  for 
equal  increments  of  beat,  a  great  improvement  waa  effected  by 
its  use.  In  the  first  mercurial  thermometers  conBtracted,  a 
great  want  was  perceived  of  some  fixed  points  from  which  to 
start  in  their  graduation,  Hooke  and  Newton  discovered  these 
fixed  points  in  the  freezing-  and  boiling-points  of  water.  The 
exact  degree  to  which  the  mercury  contracted  when  the  bulb 
of  the  thermometer  was  kept  for  some  time  in  melting  ice  or 
freezing  water  (which  are  of  the  same  temperatui-e),  formed  a 
point  from  which  to  start  below.  The  degree  to  which  it 
expanded  when  plunged  in  boiling  water,  formed  another  fixed 
point  above.  The  space  along  the  tube  between  these  two 
points  was  divided  by  Fahrenheit  into  180  degrees.  But  he 
did  not  make  the  freezing-point  hie  zero — he  went  lower.  Salt 
mixed  with  snow  or  ice  sinks  to  a  certain  very  low  tempera- 
ture, which  is  found  to  bo  invariably  the  same.  This  is  the 
Kero  of  Fahrenheit's  thermometer.  The  space  between  this 
and  the  freedng-point  of  water  is  found  to  measure  32  of  the 
Eiame  degrees  as  those  marked  off  between  the  freezing-  and 
boiling-points ;  the  freezing-point  is  thus  marked  32° ;  add 
180°  for  the  boiling-point,  and  we  have  212°,  Between  these 
there  are  frequently  marked  on  the  scale  other  points  more  or 
1ms  arbitrary.  At  56°,  temperate  heat ;  76°.  summer  heat ; 
9S°,  blood  heat ;  112°,  fever  heat.  The  mercurial  thermometer 
may  be  fiuihcr  graduated  so  as  to  meamire  degrees  of  heat  above 
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latrucUng  a  thermometer,  it  is  necessary  to  seal  the 
F  end  of  the  tabe ;  but,  before  doing  this,  the  air  con- 
'  ■  1  it  above  must  be  completely  espeUed.  else  its  con- 
traotioiis  and  espansions  would  materially  interfere  with  the 
iadieatioiis  derivedfrom  the  mercury.  The  instrument  is  made 
in  the  following  manner  i^ — A  tube  of  gloss  being  procured, 
having  a  very  rif^nlar  but  extremely  small  bore,  one  end  is 
Idown  out  to  a  bulb,  the  diameter  of  which  is  made  lai^ 
ecoDparatively  to  the  diameter  of  the  tube.  The  bulb  and  stem 
ia  then  hfutcd  to  expand  the  air  within  it,  aft^r  which  the 
op6B  enil  is  quickly  plunged  into  a  basin  of  mercury.  The 
f^am  then  being  permitted  to  cool,  the  internal  air  contracts, 
and  the  atmosphere  pressing  on  the  surface  of  the  mercury  in 
tlu!  boftin.  a  little  of  it  is  forced  up  the  tube.  A  small  quan~ 
t£ty  (if  mercmy  being  thus  got  into  the  bulb,  the  mercury  is 
thim  b'>i!cl  in  the  buib.  which  expels  all  iitmospheric  air  and 
''  '  '    i|}-ii?8  the  tube.     The  open  end  is  plunged  again 

■  n  i)f  mercury,  and  on  cooling  more  mercury  enters 
:-,  the  thermometer.     The  open  end  is  then  drawn 
I  'i|iiUflry  tube,  the  mercury  in  the  tube  and  atem 
liesn^  .-ili^iitlv  heated  1  as  it  cools,  the  tube  is  finally  sealed  by 
(using  «"ith  n  blowpipe  the  open  end,  and  the  thermometer  is 
so  fnr  lliii.-ilied  as  to  be  ready  for  graduating. 

To  raurk  the  frcering- point,  thermometers  are  first  placed 
upright  in  pure  melting  snow  or  ice ;  the  fluid  in  the  tube 
cuntrocta  and  takes  up  a  settled  position,  to  whieh  sn  every 
immetsioD  it  returns,  from  the  temperature  being  always  the 
enme ;  but  if  marked  immediately,  and  some  months  after- 
wards again  tested,  it  will  be  found  from  one-half  to  two 
tl^rt^cs  uliovc  the  first  mark.  This  is  supposed  to  ariBe  from 
thp  ctmfryir-tion  of  the  bulb,  which  is  graduallj  brought  about 
r  .  iji-ilnnt  pressure  of  the  atmosphere;  hence  twelve 

ill  lie  fljlowed  to  elapse  before  the  mark  is  perma- 
'  d  upon.    The  boiling-point  is  found  by  laying  the 
!■  in  the  eteam  just  above  the  surface  of  distilled 
In.iiIuj::  w  iIit.  the  barometer  standing  at  30  inches,  until  the 
mtnui-y  l.iromea  stationary;  were  it  dipped  in,  as  the  heat 
dtcTcaa'  ■■  \\ith  the  depth,  it  would  not  be  accurate. 

For  uil  ordinary  purpoeea  the  mercurial  thermometer  is 
foond  to  auswer  well ;  but  we  may  be  asked,  if  solids  are  also 
jiIIu^kA  by  changes  of  temperature,  must  not  the  glau  of 
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which  the  thermometer  is  fonned  ako  vary  ?  This  certBinly  is 
the  case ;  but  so  slightly  as  to  give  a  degree  of  Rccuraoy  to  be 
found  with  no  other  transparent  body  with  which  we  tie 
acquainted. 

Mercury,  posseasing  a  uniformity  of  expansion,  is  fonnd  the 
best  material  to  indicate  the  variations  of  temperature  by  any 
change  in  its  volume,  and  being  also  ft  good  craidnctor  of  heat, 
is  constantly  used  for  thermometers. 

When  very  intense  degrees  of  cold  haTe  to  be-  ascertained,  as 
mercury  freezes  at  40  d^rees  below  the  xero  of  Fahrenhuti 
spirit  of  wine  coloured  red  is  used,  as  it  does  not  ireezB  until  a 
cold  68  degrees  below  zero  cadsts.  This  fluid,  however,  would 
not  do  to  measure  heat,  as  it  bc^s  at  172  degrees,  whluh  ii 
considerably  less  than  the  bcaling-point  of  water,  212  degrees. 
To  determine  very  high  temperatures,  oh  mercury  boils  at  680 
degrees,  various  methods  are  adopted,  all  of  whtcb,  however, 
oro  difficult  of  management. 

Before  speaking  of  these,  we  have  to  notice  some  madi£e&- 
tions  of  the  thermometer  required  for  special  purposes. 

In  a  course  of  systematic  observations  of  the  temperature 
of  any  district,  or  season  of  the  year,  it  is  desirable  to  ascer- 
tain, with  as  mncli  certainty  and  as  }ittle  trouble  as  pOBsiblet 
tho  highest  and  lowest  points  to  wbicli  the  meipury  rises  1^ 
day  or  sinks  by  night.  To  save  the  necessity  of  CEOiBtant 
personal  observation,  an  instrument  is  constriitted  that  wilt 
rtffieter  itself. 

Butherford's  thermometer  conMsts  of  two  instrumeiita 
placed  horizontally,  the  one  a  mcrenrid.  the  oliicr  a  spirit 
thermometer    (fig.     160).      The  -  _^^ 

upper  registers  the  wKMsmumt,  the  f[Pv  .  ^"jSH 

lower  the  rmvivmu'm  temperature    |(^  -^'Wl 

that  has  occurred  betwo«t  two  !l— ; n  niiii'ill 

observations.     At  the  end  of  the  l^ii;.  I'iO- 

mercurial  column  is  a  small  steel  pin,  which  is  pushed  for- 
wards by  the  mercury  when  expanding,  but  left  alone  wheB 
it  recedes.  The  end  of  this  pin  indicates  the  inaximnm  heftL 
In  the  spirit  is  placed  a  fine  piece  of  enamel  or  dark  glwB, 
heavier  than  the  liquid  in  which  it  is  immersed.  The  spirit 
goes  on  contracting  even  at  an  extreme  degree  of  cold.  As  it 
contracts  it  draws  along  with  it  the  enamel  pin,  by  the  fOTOO 
of  adhesion.     Stit  as  it  expands  again,  It  readily  psBses  \>J 
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the  enamel,  which  is  left  to  indicate  the  minimum  temperature, 

or  extreme  degree  of  cold.     An   adjustment  is  requisite  to 

prepare  the  instrument  for  the  nest  observation.     The  steel 

pin  is  drawn  back  to  the  mercurial  column  by  i 

timall  magaet  moved  along  the  glass  outside.     The  eunmcl  pin 

falls  to  the  end  of  the  spirit  colimin  oa  slightly  inclining  tl 

inatnmient. 

Sis's  thermometer  combinea  both  arrangements  : 
tnbe,  bent  twice  (fig.  llil).     The  bulb  is  in   '     ' 
cylinder,  which  is  filled  with  spirit  of  wine,  and 
in  contact  with  a  portion  of  mercury,  occupying 
the  lower  part  of  the  tube ;  this  is  succeeded  in  i 
the  second  bend,  by  a  second  portion  of  spirit, 
above  which  is  a  bulb  containing  air.     The  mer- 
fiary  carries  on  each  of  its  surfaces  an  index, 
which  is  retained   in   its  remotest  situation  t 
means  of  a  weak  spring.     £y  the  espansion  o 
contraction  of  the  spirit  in  the  long  bulb,  the  mer- 
cury is  pushed  onwards  or  drawn  backwards,  and 
in  one  or  tlie  other  arm  are  thus  marked,  by  the 
steel  lodes,  the  extremes  of  heat  and  cold. 

This  instrument  is  not  to  be  depended  on  where 
great  accuracy  is  required ;  the  spirit  does  not 
expand  qnit«  equally  forequal  increments  of  heat; 
and  the  expansions  and  contnictionB  of  the  mer- 
cury and  of  the  small  quantity  of  air  in  the  second 
bulb,  operate  as  distiirhing  causes.  The  index  in 
this  instrument  and  in  Rutherford's  is  liable  to  ^S-  l^'- 
corrode,  or  to  become  fixed  from  otlier  eauses ;  then  the  instra- J 
moot  will  of  course  not  act. 

Maximum   thermometers   of  greater  accuracy  have  been^ 
invented,  but  great  care  ia  required  in  the  making,     Messrs 
Negretti  and  Zambra    have   made    an   instrument  in  whic! 


F  Tig.  102,~NegreUi  and  Zambrs's  Muimiim  TbenoomebT. 
e  eteel  index  is  dispensed  with,    A  small  piece  of  glass  is 
uuerted  within  the  tabe,  past  which  the  merciuy  is  forced  in 
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its  expansion,  but  cannot  repass  in  its  conti-actioii.  The  enii 
of  the  column,  therefore,  gives  the  reqiiired  readiog,  as  the 
eontractioD  of  the  mercury  takes  place  within  the  apace  below 
the  bend  of  the  tube.  This  instrument  is  eaailj-  act.  and  is 
scarcely  liable  to  derangement  (tig.  I(i2), 

A  stall  simpler  instrument  has  been  eonatracted  by  the  same 
makers,— an  ordinary  thermometer,  placed  likewise  bonzoo- 
taUy,  with  a  contraotion  in  the  tube  just  beyond  the  bolb. 
Through  this  the  mercury  passes  on  expanding,  but  cannot 
repass  on  contracting.  The  end  of  the  column  in  the  tube 
(which  should  be  of  very  fine  bore)  gives  the  maximum  tem- 
perature. The  instrument  is  adjusted  by  placing  it  vertically 
and  with  a  slight  swinging  or  jerkinj^  motion,  restoring  the 
contact  of  tho  meriiury  in  the  tube  with,  that  in  the  bulb. 


j^^^  plHrW 


The  separate  minimura  instrument  is  a  spirit  thermometw 
with  an  index  floating  in  the  alcohol,  drawn  by  it  in  retiiiag, 
but  passed  in  expanding.  As  the  alcohol  does  not  expand 
regularly,  the  tube  is  not  of  even  bore.  This  instrument  is 
not  fitted  for  delicate  observationB. 

Thermometers  for  observing  the  variations  of  heat  depend 
ing  on  the  relative  amount  of  tolar  and  ferresfriiil  radioHoU, 
require  very  great  nicety  in  their  construction.  We  repreflont 
two  instruments  made  for  this  purpose  by  Messrs.  N^jetti 
and  Zambra. 

The  maximum  thermometer  for  solar  radiation  (fig.  1 64)  is 
on  extremely  delicate  mercurial  glass  thermometer,  with  black- 


Fig.  164. — Maiimuin  Thermomeler  for  Solar  Kadiation. 

ened  bulb,  and  graduated  on  its  own  stem  ;  it  ia  furnished  with 

a  steel  indes  similar  to  that  of  the  maximum  thermometer  of 

Kntherford. 

This  instrument  should  bo  so  placed  that  ii^  bulb  is  folly 
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Bed  to  the  siin,  but  at  the  same  time  guarded  t'roni  i 
Bug  draughts  or  currenla  of  air. 
The  oorreaponding  minimum  instniinent  is  for  the  deter- 
mination of  the  lowest  temperature  of  the  earth,  on  which  it 


Vig.  1G5.— Minimum  Tliermomdor  for  Terreatrial  Badiadon. 
should  he  placed,  resting  on  grasB,  its  hulb  faSj  exposed  to 
the  sky.  This  instniment  is  likewise  graduated  on  its  own  stem ; 
its  bulb  is  transparent,  and  it  is  filled  with  alcohol  (fig.  ISfi). 

The  donblo  thermometer,  one  of  the  ordinary  conHtruclion, 
the  other  with  its  bulh  kept  wet,  is  used  to  indicate  the  dew- 
point,  and  is  called  the  wtt  and  diy  hulh  thennnmeUr. 

The  instrument,  as  made  by  Negretti  and  Zambra,  conidBts 
of  two  extremely  dehcute  and  similar  ther-      r — 
moraetera,  suspended  aide  by  aide,  and  brnccd  [~  ,«•>  " 
together  by  a  croaa  piece  of  metiU,  upon  L  —  _ 
which  they  are  adjusted  hy  means  of  screws 
and  steady  ins-pins. 

The  two  thermometers  should  be  uniform 
in  siaj.  One  hna  its  bulb  imcovered,  and  is 
termed  the  dry  bulb  ;  the  other  ia  enveloped 
with  fine  muslin,  from  which  a  piece  of 
darning  cotton  or  larop-wick  proceeds  to  a 
gluss  beaker,  or  cup  of  water  placed  conti- 
guous to  the  bulb  (fig.  100). 

The  instrument  thus  fitted  is  ready  for 
use ;  it  should  be  placed  out  of  doors  in  the 
shade,  and  suspended  with  the  bulbs  about 
four  feet  from  the  ground.  Care  should  he 
taken  that  the  water-vessel  be  at  all  times 
su{^)Iied  with  water,  and  the  conducting 
thread  and  muslin  occasionally  renewed. 

The  readings  of  the  instrument  should  be 
taken  at  definite  times,  and  siguiiy  as  fol- 

That  of  the  wet  hnlh,  as  moistened  by  the 
water  passing  np  the  conducting  thread,  is 
cooled  by  evaporation,  and  as  thu  is  greater  ii 


the  air  is  deficient  in  aqnoous  vapour,  it  givee  a  reading  de- 
pending upon  the  amount  of  water  then  mixed  with  the  air  in 
tlie  inviable  ahape.  When  the  air  is  saturated,  this  reading  is 
the  same  aa  that  of  the  dry-bulb  thermometer ;  when  the  air 
ia  not  saturated,  it  reads  leea  than  the  dry  bulb ;  and  when 
the  air  is  veiy  dry,  the  difference  between  the  readings  of  the 
two  instruments  is  great. 

From  the  joint  reading  of  the  two  thermometers,  the  actual 
amount  of  water  then  present  in  the  air,  as  well  as  the  degree 
of  humidity,  can  be  readily  determined :  and,  when  further 
combined  with  the  reading  of  the  barometer,  the  actual  weight 
of  any  mass  of  air,  in  its  then  state  of  temperature,  presEure, 
and  humidity,  becomes  know^. 

Instruments  called  Pyrometers  are  need  to  measure  very 
high  temperatures.  "Wedgwood's  consists  of  a  cylindrical 
piece  of  porcelain  clay,  which  eontraelt  with  the  increase  of 
heat,  and  thus  marks  the  degree :  the  zero  of  Wedgwood's 
soale  is  1077^-5  of  Fahrenheit,  and  each  degree  equal  to  130° 
of  Fahrenheit's.  Pyrometers  of  modem  construction  act  nsa- 
ally  in  consequence  of  the  expansion  of  that  infusible  metal, 
platinum.  In  Daniell's  pyrometer  the  change  of  temperature 
18  shown  by  the  excess  of  the  expansion  of  an  iron  bar  over 
the  expansion  of  a  black-lead  case,  in  which  it  is  cndoeed. 
The  iron  rod  is  shorter  than  the  black-leadware  case,  and  a 
plug  of  earthenware,  which  fits  tight  in  the  case,  abuts  againBt 
the  iron  rod  inside.  By  the  expansion  of  the  iron  the  earthen- 
ware plug  is  pushed  out,  and  it  is  held  so  tight  in  the  case, 
that  it  cannot  go  back  again  when  the  apparatus  cools ;  the 
protrusion  of  the  earthenware  plug  is  therefore  a  permanent 
index  of  the  greatest  amount  of  expansion  that  had  been  pro- 
dnced  whilst  the  instrument  was  exposed  to  heat.  This 
expansion  being  very  small,  the  earthenware  plug  is  made  to 
press  against  a  lever,  which  moves  an  index  over  a  graduated 
scale,  and  thus  measures  the  degree  with  accuracy. 

The  scfile  of  thia  pyrometer  is  readily  connected  with  that 
of  the  thermometer  by  immersing  the  register  in  boihng 
mercury,  whoso  temperature  is  as  constant  as  that  of  boiling 
water,  and  has  been  accurately  determined  by  the  thermometer. 
The  amount  of  expansion  for  a  known  nnmber  of  degrees  is 
thus  determined,  and  the  value  of  aU  other  expansions  may  be 
I  considered  as  proportional. 
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\.  ropreseaU  the  regpater  (fig.  167) :  A  is  a  bar  of  blaok- 


idgel. 


cylindrical  pii 

platinum  band,  with  its  w 

this  register  the  scale  is  adjusted. 

2  ia  the  scale,  by  which  the  expan- 
sion 13  measiu-ed :  //  is  the  greater 
rule,  upon  which  the  smallerp  is  fixed 
square ;  the  projecting  arm  h  is  also 
fitted  sq-uare  to  the  ledge,  ander  the 
platinum,  bandrf;  D  is  the  arm  which 
carries  the  gradaatcd  arc  of  the  circle 
faxod  t«  the  rule  //,  and  raoyeahle  upon  the  centre  i ;  C  is  the 
lighter  bar  fixed  to  the  first,  and  moving  upon  the  centre  i ; 
H  is  the  nonius  at  one  of  its  extremities,  and  m  the  steel 
point  at  the  other.  The  rule  g  admits  of  adjustment  upon 
ff,  so  that  the  arm  h  may  be  adJMted  at  the  centre  i,  in 
r  that  at  the  commencement  of  an  expenmeut  the  nonius 
rest  at  the  beginning  of  the  scale. 


Fig  167. 


Conduction  of  Heat. 


The  term  ctmJucd'on  expressea  the  diffusion  of  heat  through 
n  solid  body.  Did  heat  not  spread  slowly  through  the  entire 
roasB,  even  the  poker  could  not  be  used  to  stir  the  fire  without 
baming  the  hand  that  uses  it. 

That  heat  travels  at  different  speeds  through  the  structure 


I 
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of  VBiiooB  sabatances  is  well  known  in  the  oommon  experience 
of  a  teapot  with  a  metal  handle,  and  another  with  a  wooden, 
hone,  or  ivory  one,  the  fonner  being  hot  when  the  latter  la 

Count  Kumford  made  many  interesting  experiments  on  dif- 
ferent Buhattinoes,  that  he  might  ascertain  the  diiforent  degrees 
they  possessed  of  the  property  of  conducting  heat,  and  they  are 
ranked  in  the  following  sucuession :  gold,  silver,  copper,  pla- 
tinum, iron,  zino,  tin,  lead,  'diamond,  glass,  marble,  porcelun, 
clay,  woods,  fat  or  oil,  snow,  air,  silk,  wood-ashes,  chftrooal, 
lint,  cotton,  lamp-black,  wool,  raw  silk,  beiiver's  fur,  eider- 
down, hare's  fur. 

If  some  article  made  of  fiir  ho  lying  on  a  marble  taUe, 
both  under  the  same  circumBtauces  will  be  of  the  same  tem- 
perature ;  but  if  we  lay  one  hand  on  the  fur  and  the  other  on 
the  table,  we  shall  say  the  une  is  warm,  the  other  is  cold:  this 
ariites  tram  the  marble  being  a  better  conductJir  of  heat,  which 
abstracting  the  warmth  of  the  hand,  givea  a  feeling  of  cold; 
whereas  the  liir  being  a  slow  conductor,  the  heat  of  the  hand 
does  not  reatiily  pass  into  it,  but  accumulates,  and  warmtti  is 
felt.  If  both  the  fur  and  marble  be  heated,  then  the  lisnd 
would  feel  the  heat  pass  rapidly  from  the  marble,  while  the 
fur  would  scarcely  feel  any  warmer  than  usual.  Count  Bum- 
fjrd  considered  gaaea  almost  non-conductors  of  heat,  most 
especially  when  their  particles  axe  not  allowed  ki  move  ahont, 
as  is  exemplified  in  sponge  and  other  poroas  bodies  containing 
a  quantity  of  air. 

In  the  foregoing  list  it  wiU  bo  seen  how  wondcrfolly  nature 
provides  for  the  preservation  of  animal  bodies.  The  oBtrich 
has  light  thin  fcathera,  as  it  needs  only  a  spare  clottung, 
while  the  sea-fowls  have  thick  strong  feathers  and  down  to 
bear  the  rigouis  of  the  ocean's  cold ;  the  elephant  had  a  f6li~ 
straggling  hairs,  while  the  arctic  hear  has  a  rough,  tMdc, 
shaggy  coat.  Tho  warm-blooded  milk-giving  whale  is  encased 
with  fat  to  preserve  its  heat ;  and  in  trees  and  plants  the  bark 
is  a  substance  that  is  a  slow  conductor  of  heat,  so  that  vege- 
table warmth  is  preserved  without  injury.  Thus  is  every  thing 
adapted  by  a  superior  wisdom  to  the  circumstances  of  its  natnra 

The  boilers  of  steam-engines  are  encased  in  materials  to 
prevent  the  escape  of  heat  by  having  a  slowly-conductJng 
covering  exposed  to  the  atmosphere;  and  in  winter  people 
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wrap  stalile-Btraw  around  their  water-pipes  to  pruvent  the 
escape  of  hent, 

In  the  ice-shopa  of  London,  huge  lumps  may  be  seen 
wrapped  in  flannel,  by  which  the  greater  heat  of  the  atmo- 
sphere ia  prevented  penetrating ;  the  chests  sold  for  its  summer 
preservation  are  made  double,  and  the  intetstiues  filled  with 
sawdust  or  fine  ehareoul.  Man  wraps  himself  iu  woallea  cloths 
in  winter,  not  because  there  is  wannth  in  the  wool  itself,  but 
that  it  is  a  slow  conduetor  of  heat,  and  therefore  retains  the 
natural  warmth  of  the  human  bodj. 

Among  domestic  utensils  many  are  joined  with  solder. 
Now  it  is  seen  in  the  manufacture  of  them,  that  solder  is 
rendered  fluid  by  do  very  great  heat ;  jet  when  exposed  to  an 
intense  fire  it  docs  not  melt,  because  tiie  heat  passes  into  the 
water,  which  never  can  be  heated  beyond  212  degrees ;  but  if 
this  material  that  conducts  the  heat  away  be  dried  up,  then 
the  solder  melts.  Liquids  and  gases  are  much  worse  condoct- 
ora  than  solids.  A  very  simple  experiment  may  afford  a  roi^h 
estimate  of  the  comparative  powers  of  conduction  in  the  three 
olasaea  of  solid,  liquid,  and  gaseous  bodies.  Metals  heated  to 
120  degrees  will  severely  bum  a  hand  placed  upon  them, 
owing  to  the  facility  with  which  the  heat  will  travel  towards 
it ;  water  will  not  scald,  provided  the  hand  be  kept  without 
motion  iu  it,  till  it  reaches  the  temperature  of  l&O  degrees, 
while  the  contact  of  air  may  be  endured  at  300  degrees.  Sir 
Joseph  Banks  ventured  into  a  room  heated  to  260  degrees,  and 
remained  there  a  considerable  time  without  inconvenience ; 
and  in  several  processes  of  the  arte  it  is  neoessajy  lor  workmen 
to  enter  stoves  heated  as  high  as  3oO  degrees,  from  which  no 
injurious  effects  follow. 

To  exemplify  the  difference  between  metal  and  glass  in  their 
powers  of  conducting  heat,  a 
simple  experiment  is  exhibited. 
A  piece  of  metal  6  and  a  piece  of 
glass  t/  of  equal  size  and  length 
are  bound  together  at  e  with  wire, 
and  plaeed  over  a  spirit-lamp  a ; 
and  a  piece  of  was  being  placed  I'ig.  itJS. 

on  each  of  the  other  ends,  that  on  the  end  of  the  metal  6  will 
be  melted,  while  that  on  the  glasad  will  not  be  softened. 

From  the  difference  of  the  conducting  powers  of  heat  ia 
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various  bodies,  'we  find  hmae  cannon  become  hot  sooner  tluut 
iron ;  water  will  boil  in  a  metal  pan  quicker  tban.  on  earthen- 
ware pipkin ;  and  omigrants  to  hot  countries  find  a  log^  but 
and  a  thatfibed  roof  cooler  in  summer  and  warmer  in  winter 
tban  a  brick  or  stone  mansion.  Snow  being  a  bad  conductor 
of  beat,  the  inhabitants  of  the  arctio  regions  build  their  huB 
of  it  for  their  winter  residence. 

There  ore  other  modes  of  exhibiting  the  results  ebown  in  fi^_ 
168;  as,  for  instance,  placing  a  series  of  short  Hat  bars  of 
different  metals  of  equal  thickness  aad  width  on  a  circular 
piece  of  wood  like  the  horizon  of  a  globe,  having  the  points  all 
meeting  in  a  centre,  underneath  which  is  a  spirit-lamp,  tiie 
flame  equally  touching  the  points ;  near  and  on  the  furthra 
ends  is  placed  a  very  small  piece  of  phosphorus.  When  the 
heat  begins  to  act  on  the  metals,  the  phosphorus  on  thegoldfinrt 
flashes  into  flame  and  smoke  -,  and  nearly  at  the  same  time, 
but  still  not  till  after  the  gold,  that  on  the  silver ;  after  a  abort 
space  that  on  the  copper,  then  follows  the  platinum,  after  tiutt 
the  iron,  and  then  the  lead.  Or  small  pieces  of  wire  of  difi'erent 
metals  may  be  fised  at  one  end  into  a  slip  of  wood  and  tapped 
with  candJe-wax,  and  the  other  ends  of  the  wire  placed  in  i 
trough  of  heated  water  at  exactly  the  same  depths ;  the  wax  it 
seen  to  melt  first  on  the  sUver,  gold,  and  then  at  short  inttarala 
on  the  other  metals. 

Again,  the  ends  of  the  wire  may  be  made  to  protmds 
through  the  wood,  and  a  marble  fixed  by  was  on  the  other 
end ;  this  lost  end  is  placed  so  as  to  hang  over  a  table  or  box, 
and  a  heated  bar  of  iron  being  brought  against  the  short  end 
projecting  through  the  wood,  first  the  marble  attached  to  ths 
silver  wire  drops,  then  that  to  the  gold,  followed  by  that  on 
tho  copper,  platinum,  iron,  end  lead. 

If  in  the  experiments  with  the  phosphorus  and  'raarblo  a 
piece  of  glass  were  used  along  with  the  metals,  the  phos- 
phorus would  not  fire,  nor  "would  the  marble  drop,  as  before 
tie  heat  could  arrive  at  the  ends,  the  bar  of  iron  would  become 
cold. 

By  breaking  the  cohesion  of  solids,  their  conducting  powOT 
may  be  very  much  decreased  ;  and  on  this  account,  by  placing 
a  layer  of  sand  upon  the  tand,  and  carefully  screening  Hie 
surrounding  parte,  a  red-hot  ball  of  iron  may  be  supported 
without  inconvenience.     At  the  siege  of  Oibraltar,  red-hot 
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balk  wCTB  carried  to  the  batteries  in  wooden  wheelbarrows, 
merely  protected  with  a  covering  of  sand. 

feConveotion  of  Heal. 
Isare  bad  conductors  of  heat,  Whonany  strata  of  floids, 
hqoid  or  gaseous, are  heated,  they  become  by  expansion 
relatively  tighter  than  those  around  them.  Count  llumford's 
eiperiments  led  him  to  believe  that  there  could  be  no  change 
of  temperatnre  in  liquids  without  a  displacement  of  their  par- 
ticlea,  which  is  called  convection.  When  under  a  vessel  of 
WTiter  AA  (fig.  169),  heat  is  gene- 
rated by  a  lamp  b,  the  portion 
near  the  bottom  is  dilated,  and 
rendered  specifically  lighter ; 
which  ascends,  and  the  colder  and 
denser  particles  mntc  down  to  their 
place,  and  in  their  turn  ascend. 
A  continued  current  is  thus 
cjcated,  the  heated  particles  rising 
in  the  centre,  as  at  cc,  and  the 
colder  ones  descending  at  the  sides, 
aa  represented  bj  the  arrows  »  d  ; 
by  thus  constantly  changing  the 
particles,  tho  heat  is  spread  over 
the  moss  of  water,  and  the  whole 
is  sooner  at  the  boiling-point  than 
the  same  could  by  conduction  be 
madetopasHinto  asolid.    Apopu- 

lar  experiment  is  shown  to  prove  that  water  is  a  bad  conductor 
of  heat :  this  consiate  in  having  a.  hollow  tube,  at  the  bottom 
of  which  is  placed  a  piece  of  ice.  kept  in  its  position  by  a  small 
weight,  and  the  rest  filled  up  with  v/ater ;  the  tube  being  held 
slantingly,  a  spirit-lamp  is  applied  near  the  top,  when  tho 
water  in  that  part  is  made  to  boil  while  the  ice  remains 
unmelted. 

If  a  piece  of  paper  be  wrapped  around  a  piece  of  wood,  and 
passed  slowly  through  a  flame,  it  will  be  speedily  consumed  in 
coraparison  to  a  similar  roll  of  paper  around  a  bar  of  iron ; 
this  arises  from  the  wood  less  greedily  absorbing  the  heat  than 
■"  »  iron,  consequently  there  is  more  heat  left  to  consume  the 

''r  around  the  wood  than  that  sronnd  tho  metal, 
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Air  when  heated  ascends  or  moves  away  ;  causing  the  colder 
air  to  rush  in,  producing  the  delightful  variations  of  warm  and 
cooling  breezes ;  and,  in  fact,  the  circulatory  movement  of  the 
whole  atmosphere.  If  a  lump  of  ice  be  introduced  into  an 
apartment,  the  air  in  immediate  contact 
"with  it  becomes  denser  and  sinks,  other 
:air  rushes  to  supply  its  place,  and  ulti- 
Tmately  the  particles  of  heat  in  the  con- 
tinually renewed  air  melt  the  ice.  If  a 
"lube  be  nearly  filled  with  water,  and  a 
lamp  applied,  as  shoAvn  in  ^g.  170, 
the  water  at  the  upper  part  would  boil, 
whilst  that  at  the  bottom  would  remain 
-cold  as  at  first.  It  may  be  inferred, 
then,  that  were  the  atmosphere  heated 
at  its  suiface,  as  the  water  in  the  tube, 
there  would  be  no  equality  of  tempera- 
ture,  by  which  both  the  Torrid  and  the  ^^S-  a<u. 

Arctic  Eegions  arc  rendered  habitable ;  but  as  the  heat  pro- 
ceeds fi'om  the  bottom  of  the  aerial  ocean,  it  is  warmed  as  the 
water  described  in  the  vessel,  by  upward  currents,  as  exem- 
plified in  ^g.  1G9.  Now  it  is  plain  the  waters  of  the  globe 
cannot  be  heated  by  convection,  but  only  by  conduction,  which 
is  so  slowly  accomplished  that  deep  waters  always  remain  cool. 
When  frost  descends,  it  causes  the  suiface  to  be  cooled  and 
dense,  then  sinks  to  the  bottom, — and  forces  up  warmer  water 
to  its  place ;  this  in  its  turn  sinks  ;  and  this  system  of  carry- 
ing or  convection  keeps  up  a  circulation  until  the  whole  mass 
from  top  to  bottom  has  increased  in  density  and  occupies  less 
space.  Were  the  water  to  reach  32  degrees  of  cold,  it  would 
begin  to  freeze  at  the  bottom ;  but,  by  a  wise  provision  of 
Providence,  when  the  surface-water  is  about  39|  degrees  of 
temperature,  the  usual  operations  of  nature  seem  to  change ; 
it  begins  to  expand  and  have  less  density,  and  ice  forms  a 
crust  over  the  surface,  protecting  the  fluid  underneath  from 
tho  frigidity  of  the  atmosphere,  actually  warming  the  lower 
water,  and  preserving  the  lives  of  the  living  creatures  under- 
neath. From  the  whole  mass  of  water  throughout  having  to 
become  dense  before  the  process  of  ice  formation  commences, 
the  deep  seas  of  cold  climates  are  not  frozen,  or  the  lakes  that 
rest  in  deep  basins.    The  cooling  of  the  water  by  tho  givin 
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Pof  the  heat  that  it  containa,  serves  to  add  the  lost  warmtli 
>■  the  surrounding  atmosphero,  which  accounts  for  luhmd 
parts  of  toiintriea  being  colder  than  thnso  parts  near  the  sea, 
even  when  in  a  warmer  latitude.  In  suinmer  the  iiumid 
breeze  of  the  ocean  preserves  on  its  shores  a  coolor  atmo- 
sphere than  is  enjoyed  by  inland  parts.  Thus  the  coasts  of 
Sisotland  and  Ireland  have  neither  the  heat  of  siimmer  nor  the 
cold  of  winter  felt  in  the  British  metropolis.  This  ia  becauflo 
their  breezes  in  winter  come  from  over  the  ocean,  which,  not 
being  frozen,  is  warmer  than  the  land;  and  in  summer,  tho 
sea  not  being  so  heated  as  the  land,  the  winds  are  cooler. 
Frost  in  England  penetrates  but  a  few  inchea  below  the  sur- 
face ;  in  all  parts  of  the  world,  at  a  amnll  depth  hoLow  tho 
Biuiaeo,  tho  temperature  is  nearly  ciiual :  and  it  is  in  this  way 
tho  life  of  tho  vegetable  kingdom  ia  preserved, 

Absorpt'ion  of  Heat. 
All  substances  absorb  the  heat  to  which  they  are  esposed  in 
a  more  or  less  degree.  "When  bodies  are  esposed  to  llie  sun, 
ill  a  given  time  one  may  absorb  a  considerable  quantity  of  heat, 
and  another  very  little.  This  is  demonstrated  by  an  instrianent 
called  a  differential  thermometer  (fig.  171),  already  alluded  to, 
and  nscd  to  observe  the  laws  of  radiant  heat.  It  consists  of 
two  tubes  placed  perpendicularly, 
having  bnlbs  at  the  top  with  gradu- 
ated scolesfixodto  them;  the  tabes 
are  continued  horizontally,  ao  that 
they  become  as  it  were  but  one 
bent  tube  with  bnlbs  at  the  ex- 
tremities. Into  the  tube  is  put 
some  coloured  sidphuric  acid ;  the 
bulha  being  full  of  air,  when  the 
temperature  is  equal  in  Iwth  bulbs 
the  acid  is  of  coarse  at  the  same 
height  on  both  sides ;  but  when  one 
bulb  is  exposed  to  heat,  the  air  in 
thut  bulb  cspands,  and  pressing  ' 
npon  tho  liquid,  drives  it  up  the 
other  side  of  the  tube,  and  stands 
highest  in  the  coolest.  The  dift'ertnce  ot  temperntnre  is 
vbfiorvcd  on  the  graduated  acalc. 


Fiff.  171. 
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This  thermometer  will  show  that  the  power  of  ahsorption 
depends  mainly  on  the  nature  of  the  surface ;  for  if  both  bnlbs 
be  exposed  to  the  same  degree  of  heat,  and  one  have  a  coating 
of  lamp-black,  while  the  other  is  in  its  natural  condition,  a 
considerable  difference  in  temperature  will  be  observed ;  and 
by  covering  one  of  the  bulbs  with  any  particidar  substance  or 
colour,  its  power  of  absorbing  heat  may  be  ascertained.  A 
bright  metallic  substance  spread  over  a  bulb  possesses  scarce 
any  absorbent  power,  while  black  paper  or  cloth  exerts  it  to  a 
great  degree. 

A  black  coat  is  the  warmest  covering  in  summer  and  the 
coldest  in  winter.  In  summer  the  body  is  frequently  cooler  than 
the  external  atmosphere ;  and  a  black  coat,  absorbing  the  heat, 
raises  the  temperature  of  the  body;  in  winter  the  body  is 
warmer  than  the  atmosphere,  and  then  the  black  doth  radiates 
the  heat  from  the  body. 

The  shaggy  coat  of  the  Polar  bear  is  white,  so  as  not  to 
radiate  the  heat  of  the  body  of  the  animal,  and  to  enable  it  to 
sustain  the  rigours  of  an  arctic  winter. 

"When  sailors  are  ordered  on  the  various  arctic  expeditions, 
they  are  provided  with  clothing  of  a  kind  of  sky-blue  or  French- 
grey  colour,  both  as  one  of  the  best  to  preserve  the  heat  of 
file  body  from  being  radiated,  and  a  tint  of  colour  sufficient  to 
render  them  distinguishable  on  the  white  ground,  and  prevent 
them  being  mistaken  for  bears  on  two  legs,  which  their  muffled 
uncouth  appearance  might  lead  some  of  the  nautical  hunters 
to  imagine  them  to  be. 

Colours  possess  different  properties  of  absorbing  heat ;  and 
Dr.  Franklin,  by  experiment,  found  those  which  absorbed  most 
light  absorbed  most  heat.  He  laid  pieces  of  different  coloured 
cloth  on  snow,  and  watched  them  for  a  time  while  the  sun  was 
shining  upon  them,  noting  the  different  depths  to  which  they 
sank  by  the  melting  of  the  snow  underneath. 

The  rays  of  heat  that  pass  into  a  body  are  seldom  entirely 
absorbed ;  unless  the  body  be  thick,  a  great  part  of  the  heat 
will  pass  through  and  continue  an  onward  course. 

Radiation  of  Heat, 

Heat  transmitted  through  space,  and  coming  from  bodies  in 
rays,  is  termed  radiant  heat. 

If  a  red-hot  cannon-ball  a  (fig.  1 72)  be  saspended  by  the 


■wire  B,  heat  will  be  found  to  radiate  from  it  in  ail  directioirf* 
thf  intensity  of  the  rays  diminishing  ia  regular  proportion  to  | 
tiic  distance ;  thus  at  three  feet, 
as  at  b,  thero  is  nine  times  le«s 
beat  than  at  one  foot  a  ;  sixteen 
times  leaa  at  four  feet  c,  and 
twenty-live  times  less  at  five  feet 
d.  ITieBe  rays  are  instantane- 
ously difiiiaed  and  given  out  in 
straight  lines  like  those  of  light. 
When  the  rays  are  stopped  and 
swallowed  up  or  absorbed,  then  ^ 
the  absorbing  body  is  inereased  ~ 
in  temperature.  Heat  passes  beat 
through  the  worst  conductors,  n ' 
and  goBCs;  while  metals  arrest 
its  progress,  and  if  polished,  re-  - 
fleet  it.  Heat,  although  it  ae- 
companies  the  sunbeam,  can  be 
separated  from  light.  Like  light, 
it  may  be  brought  to  a  focus,  as 
in  a.  burning  glass. 

Inequality  of  temperature  es- 
ifits  among  objects  exposed  to  the  8-  ^'~- 

same  degree  of  heat,  from  the  various  properties  thej  posses^l 
of  absorbing  and  parting  with  heat,  whicb  depends  on  theilfj 
conducting  powers  and  the  state  of  their  surfaces  ;  and  it  i( 
martable  that  the  absorbing  and  radiating  powers  are  very  fre- 
quently proportional.     If  the  radiating  power  of  lamp-black  be 
100,  writing-paper  ia  98,  sealing-wax  &5,  crown-glass  90, 
ice  87,  plumbago  and  bingloss  75,  tarnished  lead  45,  mercnry 
20,  clean  lead  19,  polished  iron  15,  tin-plate,  gold,  silver, 
«opper,  and  tin  polished  12.     Thuaa  vessel  covered  with  lamp- 
black will  cool  down  hot  water  in  half  the  time  to  what  it 
would  if  it  hud  a  polished  enrfaco ;  but  water  in  a  polished 
vessel  may  be  quickened  in  its  cooling  by  enveloping  it  in  thin 
cotton  or  woollen  cloth.     This  may  arise  from  exposing  to  the 
atmosphere  a  larger  surfaee,  as  a  roughened  ono  both  receiveR 
and  gives  out  heat  more  rapidly  than  a  smooth  one.     There  ia  . 
tluB  diffci-enco  bfltween  the  heat  from  the  sun  and  that  pro-.  J 
duoed  by  ortifieial  means,  as   from  a  fire ;    the  first  daiy 
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through  air,  glass,  water,  and  other  bodies^  "whereas  the  latter 
is  arrested  in  its  progress.  We  have  stated  that  the  rays  of  the 
sun  pass  through  the  air  without  leaving  much  of  the  property 
of  heat ;  they  fall  on  the  surface  of  the  earth,  and  by  convec- 
tion the  atmosphere  is  heated.  But  all  the  rays  of  heat  do 
not  pass  into  the  earth,  for  some  are  reflected ;  and  according 
to  the  angle  of  incidence  is  the  angle  of  reflexion. 

The  apparatus  for  concentrating  and  showing  the  effects  of 
the  radiation  of  heat  consists  of  two  metal  mirrors,  highly 
polished.  These  have  the  form  called  paraboloid ;  any  number 
of  rays  coming  from  the  focus  are  reflected  into  parallel  direc- 
tions, which  coming  to  such  another  mirror,  are  all  reflected  so 
as  to  meet  in  its  focus,  njp  (fig.  173)  are  the  two  concave 
mirrors  placed  exactly 
opposite  each  other,  so 
that  all  the  rays  of 
light  or  heat  issuing 
fix)m  the  focus  of  one 
may  be  collected  in 
the  focus  of  the  other. 
If  a  red-hot  ball  be 
placed  at  h  in  the  focus 
of  J),  the  rays  passing 
from  the  ball  to  ?i  will 
be  reflected  in  par- 
allel lines  to  jp,  and 
reflected    from    it   to 

meet  in  its  focus  a.  If  gunpowder,  phosphorus,  charcoal,  or 
paper  bo  placed  at  the  focus  a,  they  will  be  fired  or  burnt ; 
and  if  a  thermometer  be  within  the  influence  of  the  focus  a, 
it  will  be  more  afiTeetcd  than  if  near  to  the  heated  ball.  If  a 
piece  of  ice  be  substituted  for  the  hot  iron,  the  mercury  in 
the  thermometer  will  fall.  This  made  many  persons  think 
that  cold  had  a  positive  existence,  which  was  an  error,  as  cold 
is  a  mere  sensation  from  the  lessening  of  heat.  In  this  case 
the  hot  ball  radiates  heat  in  all  directions ;  and  the  rays  that 
act  on  the  thermometer  are  only  those  that  fall  on  the  surface 
of  the  reflector,  from  the  part  of  the  ball  opposite  to  it.  If 
the  thermometer  be  held  out  of  the  focal  point,  or  in  any  part 
intercepting  the  heat-rays,  a  change  of  temperature  wiU 
Jiardlj  be  perceptible.     The  thermometer  being  of  the  heat  of 
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the  room  in  wliich  it  ia  placed  wlicn  opposed  to  the  piece  of 
ice,  is  then  the  hot  hody,  and  radiates  its  heat  to  the  ico ;  con- 
flequently  its  temperature  falls  in  proportion  as  it  may  he  above 
that  of  the  iee.  Henee  it  is  not  rays  of  cold,  as  many  sup- 
pose, that  affect  the  thermonieter,  but  the  radiation  of  heat 
&om  it  to  the  ice. 

When  the  face  of  one  of  these  mirrors  is  turned  directly 
opposite  to  thi!  sun,  the  focus  has  the  power  of  burning  wilii 
intensity ;  but  if  turned  to  the  nenith  of  a  clear  blue  sky,  the 
thermometer  presented  to  its  focus  sinks  considorably :  thia 
arises  from  the  mirror  intercepting  the  heat  which  woiild  reach 
it  fi.'om  the  earth,  and  the  absence  of  clouds  to  rc9ect  back 
the  heat;  when  clouds  intervene,  the  thermometer  rises  nt 
once.  This  tenches  us  that  every  thing  on  the  earth  is  radi- 
ating heat,  and  that  the  clouds  in  the  heavens  perform  the 
same  office,  When  the  sun  passes  from  our  view  lo  distribute 
its  favours  to  other  lands,  the  radiation  of  heat  still  goes  on; 
the  onrth's  surface,  which  in  the  day  was  wanner  than  the 
snperincurabent  atmosphere,  parts  wiUi  much  of  its  heat ;  and 
the  njoiaturo  held  in  the  air  is  condensed,  forming  those  globular 
gems  that  bedeck  every  leaflet  and  blade  of  grass,  which  wo 

"When  the  sky  is  cloudy  there  is  httle  or  no  dew,  as  the  heat 
radiated  from  the  earth  is  sent  back  from  the  clouds.  The 
moisture  of  the  atmosphere  being  lessoned,  and  so  much  heat 
liberated  by  the  formation  of  dew,  the  air  is  consequently 
wanner.  Gardeners,  to  prevent  dew  falling  on  some  plants, 
cover  them  at  n  short  distance  from  the  earth  with  calico  or 
other  thin  material,  and.  thus  arrest  the  free  radiation  of  heat 
from  the  suifacc.  The  pearly  drops  that  form  on  vegetation 
are  but  scarce  on  rocks  and  barren  earth,  aiiaing  from  these 
bodies  being  bad  radiators  of  heat.  The  cooling  of  the  atmo- 
sphoro,  then,  is  the  reason  of  the  formation  of  dew,  and  the 
temperature  at  which  it  is  deposited  is  termed  the  dew-point; 
the  diffei-ence  between  the  dew-point  and  the  temperature  of 
the  atmosphere,  shows  the  dryness  of  the  air;  and  this  ia 
found  by  means  of  an  instrument  called  a  hygrometer. 

The  heat  from  the  rays  of  the  sun  is  increased  the  nearer  the 
iy  receiving  it  is  placed  at  right  angles.  A  knowledge  of 
ghas  led  to  an  improvement  in  the  growing  of  wall-fruit,  a 
pting  roof  instead  of  a  perpendicular  wall  being  found  to 
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Liir<nc  if-itzr. 

H«8t  is  cine  zr^a:  cause  'tI  zht:  ^eparadcu  -jf  :he  porcacles  of 
■H  bodiei.  It  tzansfcrms  a  aoad  ni:o  a  liiinio.  a  Ii<:Tzid  into  a 
i^s  bf  xfei  zepnlKTe  pnperty.     A  zzea:  ptiroon  oi  the  iLeafi  so 
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being  camniuiiicated  to  other  eab- 
es,  and  reimains  latent,  or  hid,  eo  long  ae  the  gaseous  of 
Said  conditioD  is  maintained.  To  transform  ice  at  32°  into 
wAter  at  the  same  soosible  temperature,  demands  a  considerablo 
B^ition  of  heat  (140°) ;  all  of  which  becomes  latent  in  the 
water.  To  change  water  at  312°  into  stoam  at  the  same  tem- 
perature. 1000  more  degrees  of  heat  are  needed,  which  becomo 
latent  in  the  steam.  This  cause  checks  a  too  rapid  liquefaction. 
or  eTaporation,  and  causes  both  to  produce  cold,  by  depriving 
surroonding  subetances  of  theii'  caloric. 

The  heat  thus  lost,  when  a  solid  is  converted  into  a  liquid 
or  either  into  a  gaa,  is  called  hidden  or  Intent  heat ;  and  its 
discovery-is  owing  to  the  researches  of  Dr.  Black,  who  found 
that  whatever  time  was  necessary  to  heat  the  ice  one  degree, 
exactly  one  hundred  and  forty  times  as  much  would  be  required 
for  melting  it,  thus  that  140°  is  the  latent  heat  of  wat*r ;  and 
Lavoisier,  a  celebrated  French  themist,  invented  a  heat- 
meagare  or  calorimeter,  which  consisted  of  a  vessel  lined  with 
ice ;  and  the  (juantity  of  heat  given  out  by  any  body  pkced  in 
it  is  indicated  hy  tho  quantity  of  water  coUected  from  the 
melted  ice- 

The  calorimeter  is  made  of  tin  o 
and  inside  is  a  smaller  onens, 
m  which  is  a  wire  vessel  c,  to 
hold  the  substance  that  ia  to  be 
tested.  Between  the  first  and 
second  vessels,  as  also  between 
the  second  and  the  wire  cage, 
the  spaeo  is  filled  up  with 
pounded  ice.  The  ice  between 
A  and  B  prevents  tho  warmth  of 
the  atmosphere  acting  on  tho 
onclosed  substance ;  thus  the  ice 
around  tho  wire  vessel  is  af- 
fected only  by  the  heat  from  the 
substance  examined,  which  m  d  t 
tba  ice  until  its  tcmperatur 
reaches  32".     The  ice  thawed  by  Fig.  17-1. 

the  Bubstance  runs  off  as  water  at  the  cock  n,  and  is  afterwards 
wwghed.  As  melting  ice  i»  always  at  32°,  all  the  heat  appIiH 
1  to  thawing  tho  ice;  and  therefore  as  to  the  quu 


plates  i  A  (fig,  174), 
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melted  so  is  the  nmount  of  boat  expended.  A  pound  of  water 
135°  above  freedng-point  will  melt  1  lb.  of  ice. 

The  latent  heat  of  water  is  140° ;  of  mercury,  143' ;  melted 
■wax,  170°;  tin,  442*;  zinc,  492=.  Thelatentheatof  vapouraw 
usually  high.  That  of  steam  ia  1000° ;  of  vinegar  vapour, 
900°;  alcohol,  442°;  ether,  300°;  oil  of  turpentine,  177°. 

It  is  this  latent  beat  dwelling  in  bodies  that  prevents  Uie 
freeuing  of  tbe  earth  or  ocean,  or  the  inatantaneoua  conversiiai 
of  enow  into  water,  and  allows  the  changes  to  be  gradual  and 
foreseen.     Metals  slowly  melt  or  become  hard  from  tbo  same 

Latent  heat  is  beautifully  illustrated  in  the  slaking  of  tot 
lime ;  the  water  poured  upon  it  beeomes  solidly  combined  with 
the  lime,  while  tbe  latent  heat  is  liberated  from  the  ebemical 
action  that  takes  place.  The  heat  given  out  by  steam-pipes  is 
the  latent  beat  given  up  by  the  steam  which  is  condensing  into 

The  elasticity  of  vapours  depends  much  on  the  quantity  of 
latent  heat  tbey  contain.     On  nndergoing  fordble  compreesoi^ 
they  give  out  much  of  this  heat,  for  they  require 
less  when  they  occupy  less  apace.    On  again  ex- 
panding, tbo  gas  or  vapour  acqiiires  heat,  and 
produces  cold  by  taking  it  from  bodies  around. 

This  is  illustrated  by  an  instrument  named  the 
atmospheric  tinder-box,  by  means  of  which 
tinder  and  other  easily  inflammable  substances 
are  ignited,  from  the  rapid  condensation  of  air. 
It  is  made  of  glass  or  brass,  about  10  inches  long, 
hollow,andveryBmall  in  the  diameter.  A  piston 
aaec  (fig.  175),  attached  to  a  rod  ft,  works  in  the 
tube  6  and  fits  very  exactly ;  in  a  hollow  d  on  the 
lower  part  of  tbe  piston  is  fixed  tbe  tinder,  or 
amadou,  and  on  tbe  operatur  driring  it  suddenly 
down  to  the  bottom,  ignition  takes  piaco. 

When  wc  desire  to  warm  anything  with  our 
breath,  wo  open  the  mouth  and  send  a  stream 
of  warm  air  from  the  lunge  slowly  and  gently ; 
but  if  we  want  to  cool  a  hot  substance,  wo  con- 
tract tbe  muscles  of  the  cheat,  narrow  the  mouth 
to  a  small  aperture,  and  blow  quickly  and  strongly.  ^^-  ^'* 
If  air  bo  compressed  into  a  cylinder  vessel  with  the  vedght  rf 
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three  atmospheres,  and  then  aUoivcd  to  escape  through  a  very 
small  hole,  theheut  rendered  latent  by  the  air  in  its  expansion 
as  it  passes  o&t  will  cause  such  cold  as  to  freeze  water. 

Heat  cames  change  of  state. 

In  considering  heat  as  a  cause  of  expansion,  wo  have 
already  mentioned  that  ulmoat  every  body  in  nature  is  sus- 
ceptihlo  of  three  states  of  exietence,  solid,  liquid,  and  aeriform ; 
and  that  these  conditions  depend  on  the  quantity  of  caloric  or 
boat  they  contain.  Thus  water  may  be  in  the  state  of  ice, 
wat«r,  or  steam;  mercury  may  bo  as  a  solid  barj  liquid,  and 
as  gas.  At  the  ordinary  heat  of  the  atmosphere  some  objects 
are  solid,  aa  metals  and  stones;  some  liquid,  as  water  and 
oila :  others  are  air,  as  nitrogen  and  hydrogen.  This  ia 
dependent  on  their  relation  or  affinity  to  heat. 

Oxygen  possesses  an  immense  affinity  for  heat,  and  although 
it  exists  as  a  gas,  may  be  combined  to  a  snlid,  as  in  the  ease 
of  the  nist  of  iron.  Hut  beside  this  eombinntion.  Dr.  Faraday, 
by  coropression  and  cold,  has  hflth  Hquctied  and  Kolidified 
many  gases.  The  application  of  hent  to  solids  has  the  eiTtot 
of  tirst  expanding  their  buli;  some  become  softened,  and 
others  at  once  pass  from  the  solid  to  the  liquid,  and  then,  on 
continuing  the  heat,  to  the  gaseous  form ;  while  some  pass 
from  the  solid  hi  the  gaseous  without  lieeoming  liquid.  To  a 
certain  point  some  solids  will  receive  heat  and  preserve  their 
I'onditions,  but  beyond  that  point  will  change.  It  is  a  singular 
i'act,  that  what  is  called  the  melting-  or  freering-point  is  always 
exai^Uy  the  same  in  the  same  substances;  thus  ice  raelta,  or 
water  freezes,  at  32°  on  Fahrenheit's  scale.  The  freezing- 
point  of  mercniy  is  40°  below  zero. 

DiatJieiiiiana/. 

The  radiant  heat  which  falls  on  the  surface  of  a  body  is  in 
part  absorbed,  in  part  reflected,  aMording  to  its  nature,  and  a 
part  may  be  transmitted.  Some  transparent  and  translucent 
bodies,  which  allow  a  ray  of  light  to  pass  through  them,  per- 
mit a  ray  of  heat  to  pass  aUo.  For  this  property  the  term 
lUatheiTaancj  has  been  invented  ty  ITelloai,  who  has  abun- 
dantly investigated  the  subject.  Many  bodies  are  transparent 
to  light,  bat  only  one  solid— rock-salt- — allows  most  of  the  ray 
of  heat  to  pass  it.     Bock-salt  transmits  i)2'3  per  cent,  of  the 
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heat  which  impinges  upon  it ;  it  is  the  most  diathermanoiu 
body  known.  Native  crystals  of  sulphur  transmit  74  per 
cent.;  fluor  spar,  72;  quartz,  glass,  and  Iceland  spar,  SQ; 
tourmaline,  18 ;  citric  acid,  11 ;  alimi,  9 ;  white  sugar-candy,  8. 
Of  liquids^sulphuret  of  carbon  allows  63  to  pass ;  olive  oil, 
30 ;  alcohol,  15;  and  water,  11.  There  is  no  direct  relation 
between  diathermancy  and  transparency.  Crystallized  sulphate 
of  copper  transmits  blue  light,  but  entirely  arrests  heat.  Black 
mica  and  smoked  glass  are  opakc  to  light,  but  transmit  a 
considerable  amount  of  heat. 

One  curious  fact  noted  by  Melloni,  is  that  heat  from  different 
sources  had  different  powers  of  passing  through  such  media. 
Bock-salt  alone  transmits  alike  all  IdndH  of  heat.  With  other 
media,  the  heat  of  a  naked  tiame  has  the  greatest  power  of 
passing;  that  from  ignited  platinimi  has  less;  that  £rom 
copper  heated  to  750°,  less  still ;  and  that  from  copper  heated 
to  212°,  least  of  all,  being  entirely  arrested  by  plate-glasSy 
citric  acid,  alum,  &c.  Thus  there  is  probably  some  variety 
among  different  rays  of  heat,  as  of  light. 

The  thermic  rays  may  be  refracted,  like  those  of  light,  and 
brought  to  a  focus  by  a  lens  or  burning-glass.  A  prism  of 
rock-salt  being  caused  to  refract  a  ray  of  heat,  there  is  formed 
a  sort  of  thermic  spectrum,  over  which  the  rays  of  heat  are 
distributed.  Most  of  these  rays  are  less  refrangible  even  than 
the  red  ray  of  light,  and  are  found  situated  in  the  dark  space 
beyond  the  red  ray  of  the  solar  spectrum.  Heat  is  found  to 
be  more  refirangible  in  proportion  to  its  greater  intensity. 

Homogenesis  of  Forces. — **  There  is  no  question  occupying 
more  attention  among  the  highest  order  of  intellects  than  that 
of  the  identity  of  the  several  invisible  forces  of  Nature.  The 
relations  of  magnetism,  electricity,  chemical  afl^ty,  heat  and 
light,  are  certainly  very  close  and  very  complicated.  Each  one 
of  these  forces  is  capable  of  producing  either  or  all  of  the 
others.  They  may  also  all  generate  mechanical  power,  and 
mechanical  power,  on  the  other  hand,  may  generate  all  of  these 
forces.  Perhaps  as  good  an  illustration  of  this  as  any  is  to  be 
found  in  the  electric  light.  First,  the  mechanical  power  of  a 
$Uam-engine  turns  a  wheel  which  carries  a  number  of  perma- 
nent magnets  at  its  periphery;  these  magnets,  as  they  are 
carried  past  the  ends  of  soft  iron  cores  which  have  insulated 
wires  wound  around  them  in  helical  form,  cause  waves  of  eUc- 


trldly  to  Sash  through  the  hehcal  wires ;  the  electricity,  A 
ing  idong  from  drop  to  drop  of  an  exceedingly  slender  »\ 
of  flowing  mercury,  proditcCB  an  intense  light;  it  also  gene- 
mtos  heat,  by  which  the  mercury  is  evaporated.  But  whence 
eoanes  the  mechanical  power  of  the  eteam-engtne?  That 
results  from  the  expansion  of  eteam  caused  by  heat,  and  the 
beat  ia  produced  by  the  combustion  of  fuel,  which  ia  its 
chemieal  combination  with  oxygen ;  in  other  words,  ehemieal 
affinity.  If  we  replace  the  steam-engine  by  a  water-wheel, 
we  have  the  several  forcea  produced  by  gravitation.  It  Ja  to 
be  remarked,  however,  that  gravitation  cannot  be  generated,  in 
ita  turn,  by  any  of  the  other  natural  forces,  or  by  mechanical 
power.  From  these  Beveral  facts,  and  others  of  the  same  kind, 
the  grand  and  simple  idea  has  been  suggested  that  all  the 
forces  in  KBtnre  are  the  same  Ihing ;  merely  matter  in  motion. 
This  suggestion  implies  that  oil  the  counUess  phenomena  of 
ohomicnl  combination,- — all  the  appearancea  produced  by  light, 
its  endless  variety  of  colour  and  shade,  its  refraction,  reflexion, 
and  polarization,  with  the  mimcnlous  revelations  which  these 
have  given  ns  through  the  telescope  and  the  microscope, — the 
tremendous  power  of  heat,  with  its  contractions,  espansiona, 
freeringa,  and  evaporations, — all  the  swift  and  subtle  operations 
of  electricity  in  the  galvanic  battery,  the  lightning-rod  and  the 
telegraph ;  and,  finafly,  the  growth  and  decay  of  plants  and 
nnimals,  the  action  of  the  muscles,  the  stomach,  tho  longs,  the 
nerves, — in  short,  all  the  phenomena  of  the  universe, — are 
produced  merelj-  by  changes  in  either  the  velocity  or  the  direc- 
tion of  the  motions  of  matter.  Such  is  the  doctrine  of  the 
homogenesis  of  forces,  A  sublime  and  comprehensive  theory, 
whether  true  or  false  !  A  few  scientific  men  have  committed 
themselves  to  it  fully ;  but  moat  able  phUosopherH  regard  it 
yet  as  unprovou.  As  the  reiationa  of  the  natural  forcea  to 
each  other  caused  the  conception  of  the  theory,  so  the  promul- 
gation of  the  theory  has  led  to  a  very  dose  study  of  these 
relatioDs ;  and  the  field  ia  as  rich  in  curious  and  wonderful 
facts  as  Miy  that  has  ever  been  explored  by  the  student  a 
Nature." 

Cohl,  or  the  Ahtewe  of  Heat. 

Cold  has  no  existenco  of  its  own,  but  ia  merely  a  negative 

quality.     It  represents  the  absence  of  heat  to  a  greater  or  less 
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extent.     The  less  the  heat,  the  greater  is  said  to  be  the  cold. 
The  sensation  of  cold  is  felt  when  heat  is  abstracted  from  the 

body.  ' 

Heat  may  be  lost,  and  cold  produced,  in  sereral  ways : — 
Pirst,  by  conduction ;  contact  with  a  good  conductor  causes  a 
heated  body  to  part  rapidly  with  its  heat  until  an  equilibrium 
is  produced.  The  hand  when  placed  on  a  metal  surface  feels 
cold.  Secondly,  heat  may  be  lost  by  radiation.  The  heated 
substance  radiates  heat  away  into  surrounding  space.  The 
human  frame,  if  deprived  of  clothing,  quickly  becomes  cold  by 
conduction  and  radiation.  The  rapidity  of  cooling  by  radia- 
tion depends  chiefly  on  the  nature  of  the  surface,  as  already 
stated.  Bodies  naturally  become  cold  when  the  usual  source 
of  heat  is  cut  off.  The  withdrawal  of  the  sun's  heat  causes  a 
degree  of  winter's  cold  varying  from  the  freezing  of  water  in 
the  temperate  zone  t^  the  freezing  of  mercury  in  the  arctic 
regions. 

A  change  of  condition  in  matter  causes  cold :  when  a  gas 
becomes  a  liquid,  or  a  liquid  a  solid,  heat  is  abstracted  to 
supply  the  amount  needed  to  become  latent. 

A\Tien  snow  and  salt  are  mixed  they  mutually  liquefy  each 
otlier,  and  a  greater  degree  of  cold  is  felt  than  in  either  of  the 
bodies  in  a  separate  condition,  which  arises  from  the  sensible 
heat  both  of  the  salt  and  snow  becoming  latent  during  lique- 
faction ;  the  glass  or  other  vessel  holding  the  mixture  also  loses 
part  of  its  heat,  and  the  more  rapid  the  liquefaction  the  more 
intense  the  cold.  Not  only  does  this  take  place  in  salt  and 
snow,  but  also  in  other  ciystalline  substances  that  are  capable 
of  mutually  liquef ving  each  other :  this  has  been  turned  to 
account  for  the  production,  in  hot  weather  and  in  hot  climes, 
of  the  luxury  of  iced  drinks.  The  mode  adopted  by  Mr. 
Walker  consists  in  having  broad  tin  cylinders  with  thick 
sides,  in  which  are  enclosed  two  cylinders,  one  within  the 
other,  with  thin  sides  of  the  same  height  as  the  outer  one,  and 
fastened  together  at  the  bottom.  In  the  innermost  cylinder, 
and  in  the  space  between  the  first  and  second,  is  placed  a  free- 
zing mixture,  consisting  of  5  parts  of  hydrochlorate  of  ammonia, 
5  parts  of  nitrate  of  potass,  and  10  parts  of  water  at  a  tem- 
perature of  50° ;  the  substance  to  be  frozen  is  then  put  into 
the  space  between  the  second  and  third  cylinder,  and  the  cold 
produced  by  the  mixture  lowering  the  temperature  to  10°, 
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the  water  or  other  substance  lost  put  in  quickly  becomes  a  st 
pece  of  ice, 

By  li  freezing  mixture  of  solid  carbonic  acid  witli  sulphuii 
ether,  alcohol  has  been  made  to  have  the  consistency  of  oil,  oi 
even  of  melted  butter.  In  people  rising  from  a  bath,  the  evapoi.^ 
ration  of  the  water  frum  their  bodies  carries  off  with  it  a  por- 
tion  of  the  heat,  and  thus  they  fed  cold.  On  this  principle 
are  wet  cloths  irrapped  round  bottles  of  wine;  a  common 
mode  of  cooling  wine  on  board  ship.  The  bottlo  is  at  tho 
flame  time  suspended  from  some  portion  of  the  rigging  to  hasten 
the  evaporation. 

Water  may  bo  irozca  by  evaporation,  as  is  exemplified  in 
the  following  experiment  by  Leslie.  Ho  placed  a  thin  metal 
cupa  (fig.  176)  on  a  tripod  standfifi,  and  pat  it  into  water;., 
and  a  dish  about  two  inches  di- 
stant undemoath,  c,  he  filled  with 
concentrated  sulphuric  acid  to 
within  half  an  inch.  This  appa- 
ratus being  on  the  plate  of  an  air- 
pnmp,  and  covered  by  a  glass  rfrf., 
on  tho  air  being  ejchausted  the 
vapour  of  tho  water  rises  ta  fill 
tho  vacuum ;  but  as  aulphmie  acid  ' 
has  a  powerful  aifinity  for  water,  ^"E-  l^G. 

it  absorbs  the  vapour  as  fast  as  it  is  formed,  thus  prutlucing  a 
very  quick  evaporation :  and  the  latent  htat  being  curriecl  of" ' 
the  vapour  of  the  water,  the  remainder  of  the  water  is  frozen^ 

Snoio. — If  tho  temperature  of  a  cloud  should  Ml  at  any  I 
time  to  32°  Fahrenheit  or  lower,  instead  of  rain  the  result  is 
snow.  Much  that  is  beautiful  and  beneficent  is  seen  in  this 
divided  form  of  frozen  water.  In  oiu'  own  temperate  chmo 
we  do  not  comprehend,  except  by  reflexion,  the  true  value  of  . 
snow  in  the  economy  of  nature,  But  if  we  would  C 
recognize  the  full  benefits  of  snow,  wo  must  direct  our  atten-J 
ticm  to  northern  countries — to  Sweden,  to  Kussia,  and  Canada. , 
There  tho  advent  of  snow  is  looked  forward  to  as  a  blessing ; 
and  when  it  comes,  the  period  of  its  duration  admits  of  being 
predicted  with  tderahle  accuracy.  No  sooner  is  tho  ground 
rith  sufficient  snow,  than  wheeled  carriages,  which 
ssterday  wero  sticking  up  to  the  axle-tree  in  mud  and 
'C  put  aside,  and  sledges  supplied  in  their  stead.    Market- 
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places,  which  before  the  snow  had  fallen  were  naked  and 
unworthy,  now  teem  with  good  things  brought  from  hundreds 
of  miles  away.  Snow  has  all  at  once  laid  down  a  far-stretching 
railroad,  over  which  sledges  glide  almost  with  the  ease  and 
velocity  of  a  railway  train. 

In  certain  conditions  of  temperature,  snow  falls  as  a  pnlvem- 
lent  body,  in  other  conditions  as  a  flaky  amorphous  mass ;  but 
if  very  dry  snow  be  microscopically  examined  before  it  has 
been  broken  up,  indications  of  crystalline  structure  will  be 
recognizable.  Sometimes  these  crystalline  snow-flakes  attain 
such  large  dimensions,  that  they  are  quite  evident  to  the  naked 
eye.  The  crystalline  forms  thus  developed  are  numerous,  but 
they  arc  all  referable  to  one  crystalline  system,  the  rluyniboh^ 
dric  or  rhomhoJiedral;  the  characteristic  of  which  is  that  crystab 
belonging  to  it  have  three  axes  crossing  each  other  at  the  an^ 
of  sixty,  and  one  axis  at  right  angles  to  these.  Scoresby,  who 
has  minutely  examined  these  snow-flakes,  describes  four  prin- 
cipal forms  of  snow-crystals : — 1st,  crystals  having  the  form 
of  thin  plates,  which  are  the  most  abundant ;  2nd,  surfaces 
or  spherical  nuclei,  with  ramifying  branches  in  different 
planes ;  3rd,  ^g  points,  or  six-sided  prisms ;  4th,  six-sided 
pyramids.  The  latter  form  is  the  least  frequent  of  all.  See 
^g.  3,  p.  8. 

Inasmuch  as  the  upper  regions  of  the  atmosphere  are  in- 
tensely cold,  there  is  an  elevation  for  every  latitude  at  which 
atmospheric  moisture  is  changed  into  snow.  This  elevation 
corresponds  with  what  is  termed  the  snow-line.  At  the 
equator  the  snow-line  is  elevated  from  11,000  to  12,000  feet 
above  the  sea-level.  As  we  proceed  towards  the  north,  the 
elevation  of  the  snow-line  will  evidently  be  lower.  Snow 
does  not  fall  on  level  ground  in  Europe  further  south  than 
Central  Italy ;  but  in  Asia  and  America  the  region  extends 
nearer  to  the  equator.  Through  Florence  passes  the  isothermal 
line  of  59°  Fahrenheit,  and  it  may  be  regarded  as  the  southern 
limit  of  the  region  in  which  snow  falls  on  level  places.  Snow 
does  not  usually  fall  at  the  time  of  maximum  cold ;  some 
meteorologists  say  it  never  does ;  but  this  is  an  error. 

After  snow  has  fallen  the  weather  generally  increases  in 
severity.  We  are  usually  in  the  habit  of  assuming  that  the 
total  quantity  of  snow  which  falls  increases  as  we  reach  either 
pde — an  assumption^  boweyer,  whieh  is  only  correct  within 


certais  limits.  Thus,  taking  the  nurthem  hemisphere,  for 
instance,  Ihe  fall  of  snow  increases  from  the  isothermal  of 
59°  Fahrenheit  to  the  isothermal  of  41°  Pahrenheit,  which 
latter  tuta  the  town  of  Drontheim  in  Norway.  Passing  still 
further  noi'tJi,  the  quantity  of  anow  goes  on  diminishing, 
evidently  hecause  in  the  polar  regions  the  temperature  of  the 
air  is  too  eold  to  retain  much  moisture,  and  atmospheric 
moisture  must  necessarily  ho  the  antecedent  to  either  rain  or 
snow. 

The  atmospheric  Condition  during  the  fall  of  snow  may  vary 
from  the  limits  of  almost  ooinplete  tranquillity,  to  the  other 
extreme  of  most  violent  pertnrhation.  In  Germany,  and 
other  countries  having  a  corresponding  latitude,  the  fall  of 
snow  is  usually  tranquil,  except  during  the  months  of  Fehnmry 
and  March.  In  high  latitudes  snow  usually  occurs  during 
violent  tempest-gusts,  almOBt  equal  sometimes  to  the  West 
Indian  hurricane  or  the  Chinese  typhoon.  In  Norway  these 
storma  are  very  frequent,  also  in  Eamtschatka ;  in  which 
latterregion  they  are  called  jjurp'a.  They  are  veritahlethunder- 
stonna,  as  is  completely  proved  hy  the  intense  electrical  condi- 
tion of  the  atmosphere.  On  moiintainons  elevations  snow- 
storms are  commonly  prevalent,  irrespective  of  latitude. 

Ice. — As  heat  causes  the  expansion,  cold  causes  tho  contrac- 
tion and  solidification  of  matter.  The  temperatures  at  which 
substances  become  solid  vary  much.  They  are  called  freezing- 
pointa  from  the  term  applied  to  the  congelation  of  water.  Ice 
19  a  remarkable  exception  to  the  rule  just  stated,  that  a  solid 
occupies  less  spau«  than  the  liquid  which  congeals  into  it.  Ice 
occupies  more  space,  and  is  specifically  lighter  than  water. 
Thus  water  rises  on  freezing  ;  a  layer  of  ice  forms  on  the  sur- 
fece  of  a  pond  or  river,  and  prevents  the  water  beneath  it  from 
becoming  one  solid  mass.  By  this  the  fish  and  other  inbahit- 
ants  of  water  are  protected  from  utter  destraotion.  Sea-water 
eontains  maoy  salts,  so  that  it  docs  not  freeze  at  all  until  28°. 
Then  lumps  of  pure  ice  separate,  and  the  salts  arc  left  dis- 
solved in  the  remaining  water.  The  freezing  of  Ihc  sea  takes 
place  on  an  extensive  scale  during  tho  extreme  winter  cold  of 
tiie  Arctic  regions.  A  large  body  of  water  frceinng  in  a  eon- 
fined  space  forms  a  mass  of  ice,  which,  by  its  own  expansion, 
_ilit  np  into  pieces.  In  this  manner  are  foiroed  the  fan- 
^C  pinnacles  seen  iu  some  of  the  great  ice-fields  or  glaoiew 


CHAPTEB  IX. 

OPTICS-LIGHT. 

t*rf  science  wliich  treats  of  the  ntitwre  and  laws 
d  optica ;  and  as  Jt  is  bf  the  medium  of  li^ 
ta^beocone  visible,  the  tiro  subjects  naturally  becomi 
blended,  and  form  most  interesting  themes  of  scientifiQ  inqoiiy. 

Natiire  of  Light. 

light  is  something  which  is  given  off  in  straight  lioe^ 
in  a  radiating  manner,  with  extreme  velocity,  from  tM>diBB 
which  are  called  laminous.  It  ia  reflected  from  tie  surface  '' 
some  bodies,  ahaorbed  or  annihilated  by  oUiera,  atlowod  to  pa 
tbrough  by  a  third  group,  undcigoing  freijuently  some  duage 
tit  direction  during  this  transmiasiou.      It  is  impondeiaUei 
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nad  we  have  every  reason  to  believe  it  imsubstantial.  Unlike 
heat,  it  enters  into  no  cumbiiiation  witli  matter,  but  ceasea 
immediately  that  ita  source  is  eiit  off.  In  this  character  oE 
depending  entirely  upon  an  active  source,  and  having  no  per- 
manent existence  of  its  own,  it  resembles  sound,  to  which  we 
shall  see  hereafter  that  it  is  probably  analogous  in  many  par- 
ticalars.  Light  affects  the  sense  of  vision,  and  does  not 
impress  the  sense  of  feeling ;  in  this  again  it  differs  widely 
from  heat. 

Light  cannot  he  more  closely  defined  than  this.  As  to  its 
intimate  nature  we  know  Httle.  but  we  can  guess  more.  There 
are  two  theories  which  have  been  propounded  on  this  point. 
The  theory  of  emission  supposes  that  light  consists  of  some 
inconoeivablynminto  particles  projected  with  immense  velocity 
^m  luminona  bodies.  This  is  also  called  the  Newtonian 
theory,  but  it  was  adopted  by  Newton  simply  as  a  convenient 
hypotheMS.  The  other  theory  is  called  the  vTidulallon  tbeori/. 
It  sabstitutos  unduhtitms  for  particles.  These  nnda!ations  or 
vibrations  cannot  take  place  in  any  material  body,  or  in  any 
medium  with  which  we  are  aoquainted,  as  light  traverses  a 
vacuum  and  passes  unopposed  throngh  the  regions  of  space, 
where  tbere  is  no  atmosphere.  As  there  must  nevortbeless 
be  some  medium,  it  was  necessary  to  assame  the  existence  of 
an  imponderable  medium  of  extreme  tennity  pervading  all 
space.  This  hypothetical  fluid  is  aalled  (ether.  If  we  assent 
to  the  undulation  theory,  we  havo  no  choice  hut  to  acquiesce 
in  the  supposition  of  this  fluid,  which,  uihen  vibrating,  is  liyht, 
when  at  rest  is  darhnesa. 

The  undulation  theory  is  the  only  one  capable  of  explaining 
some  curious  phenomena  of  light  lately  discovered  (see  para- 
graphs on  interference  and  polarization).  It  accounts  in  a 
beautiinl  manner  for  the  extraordinary  fact  that  one  ray  of 
light  is  capable  of  neutralizing  another,  and  producing  dark- 
nosa.  The  analogous  phenomenon  in  acou^cs,  that  two 
sounds  may  produce  silence,  is  at  once  suggestive  of  the  idea 
of  a  similarity  in  causation  between  sound  and  light. 

The  undulations  of  light  are  supposed  to  be  infinitely  more 
minate  than  those  of  sound,  and  travel  with  a  speed  almost 
■^Mediblc.  There  arc  also  many  different  kinds  of  undula- 
^"^  ,  as  there  are  varieties  of  rays  of  light.  For  the  ray 
Mte  light  that  eomca  to  us  from  the  sun  can  be  proved 
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by  a  simple  experimeitt  to  bo  of  a  compound  nature,  and  to 
consi^  of  seven  distinct  coloured  raya  amatgamsted  intfl 
one  white  ona.  Of  tliia  important  fact  we  shall  epeek  agun 
dirpetly. 

Sour-(e»  of  lAffht. 
To  this  earth  the  sun  is  the  great  eonrce  of  light  e»  well  ai 
of  heat.  The  mm'a  ray  contains  beddee  heat  and  liglit,  a 
third  principle,  or  property,  of  chemical  excitation,  called 
actinism,  wluch  some  consider  to  be  a  part  of  light,  and  is 
certainly  intimately  asBociated  with  it.  When  the  sun  leaYoe 
us  at  night,  light  does  not  cease  to  come  to  ns  from  the  he&veiu, 
though  we  are  in  a  stato  of  comparatiTe  darkness.  The  light 
of  the  moon  is  that  of  the  sim  reflected  irom  the  surface  of  oar 
earth's  satellite.  When  Uio  moon  does  not  appear,  or  whan 
the  earth  lies  betwcon  it  aad  the  sun,  sunlight  is  more  faintly 
reHectod  from  the  planets  of  our  system,  which  have  also  bat 
a  '  borrowed  lustre.'  The  fixed  stars  shine  upon  ns  by  tlidr 
own  light,  though  irom  an  enormous  distance.  Some  bght  la 
derived  more  directly  from  the  eun  by  refraction  through  the 
atmosphere  at  night-time ;  so  that  even  in  the  darkest  night 
there  is  no  ahtoluU  darkness. 

Light  is  further  evolved  by  all  bodies  that  have  reached  a 
certain  degree  of  heat.  It  is  thought  that  the  temperature  at 
which  this  incandescence  or  luminosity  occun,  is  about  the 
same  for  all  matter,  being  nearly  1000°  Fahrenheit.  Invisible 
stones,  OS  lime,  and  metals,  as  platinnm,  evolre  light  when 
heated  to  this  point.  As  all  combustihle  bodies  rise  to  abont 
lluB  temperature  in  the  act  of  burning,  it  follows  that  light  is 
given  off  during  combustion.  In  the  combustion  of  solid^ 
liquids,  and  gases,  as  was,  tallow,  oil,  coal-gas,  ties  our  gmi 
source  of  artificial  light.  By  such  means  we  may  obttmi  at 
nigjit-time  an  illumination  (jmost  rivalling  day  in  briUian^. 
The  phenomena  of  phosphorescence,  as  observed  in  scooe 
mineral  bodies,  in  many  animals  (as  the  Medusie).  and  plants 
(as  the  Dictamnus).  depends  probably  on  electricity.  Elen- 
tricity  is  another  cause  of  light,  which  is  seiJD  in  a  vivid 
aeeompanied  by  heat,  in  the  electric  spark.  By  interpomng 
non-conducting  combustible  body,  such  as  charcoal,  betwes 
the  poles  of  a  powerfbl  battery,  the  electric  light  is  obtftiiied. 
The  deffree  of  illttmination  horn  any  source  depends  apcm 
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^-intensity  of  the  light  excited  in  the  luminoua  body, — the 
stance  of  the  illuminatmg  body,— the  amount  o£  absorption 
which  tile  rays  undergo  in  tJa^ersing  the  intervening  media, — 
and  the  angle  at  which  the  rays  fdl  upon  the  surface  of  tlie 
body  iUuminated. 

The  sua  produces  the  most  intense  light  of  any  body  with 
which  we  are  acquainted,  Dr.  Wollaaton  ealcuhited  that  it 
would  require  20,000  millions  of  the  brighteat  atajs,  such  as 
SiriuB,  to  equal  the  light  of  the  son,  or  that  that  orb  muat  be 
140,000  times  further  from  us  than  he  is  at  present,  to  be 
reduced  to  the  illuminating  power  of  Sirius ;  the  same  author- 
ity has  determined  that  moonlight  is  801,072  times  weaker 
f  sunlight, 
e  illuminating  power  of  the  planets,  the  earth  being  1, 
fc" 
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these  illuminating  powers  of  the 


Earth    . 
Merourj 

fiatum  . 
Uranua. 

It  will  be  imdcrstood  thai 

planets  dopeud  upon  the  distance  these  orbs  are  &om  the  Bun 

and  tzoia  our  own  earth. 

In  artificial  hght,  the  illuminating  power  is  in  exact  ratio  to 
the  quantity  of  solid  matter  which  changes  form.  Pure 
hydrogen  gas  has  a  very  small  illuminating  power ;  but  if,  by 
'—  it  through  any  fluid  containing  carbon,  ae  naphtha  or 
of  turpentine,  it  is  made  to  take  up  a  portion  of  this 
it)  it  bums  with  great  brilliancy. 

Matter  as  related  to  Light. 
I  ore  said  to  be  luminous,  opake,  and  transparent. 
ions  bodies  are  those  which,  within  themselves,  possess 
It  jan^etty  of  exciting  the  sensation  of  light  or  vision,  as 
i  Bun,  the  stars,  electricity,  the  fire,  the  candle,  hot  iron, 
phosphorus,  the  glow-worm,  and  others.  Some  opakc  or 
non-lnraiaouB  bodies  have  the  power  of  shining  fi^m  a  bor- 
rowed light,  es  a  polished  metal,  the  light  received  from  a 
~~^  Z  8  body  by  it  being  refleciec!  to  othera ;  but  without  this 
Eon-ed  light  it  would  be  dark.     Opake  bodies  pvevent  light 
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from  passing  through  them.  Transparent  bodies  are  thoso 
that  have  the  property  of  allowing  light  to  pass  through  them, 
as  air,  glass,  water,  &c.  They  are  sometimes  called  mediums 
by  which  light  is  transmitted.  Strictly  speaking,  snbstanees 
are  only  transparent  through  which  light  passes  freely,  and 
objects  can  be  seen  distinctly,  as  glass,  horn,  <fec.  The  term 
translucent  is  applied  to  those  that  permit  the  light  to  pass 
freely  through  them,  but  through  which  bodies  cannot  be  dis- 
cerned, as  ground  glass,  paper,  porcelain,  &c. 

The  salts  composed  of  metals  or  earths  with  acids,  that  con- 
stitute crystals,  are  generally  transparent ;  but  when  crushed 
to  powder,  they  are  opake.  MetaJs  which  in  thick  masses 
are  opake,  when  in  solution  may  be  beautifully  translucent ; 
or  when  some  are  reduced  to  a  thin  leaf,  they  allow  light  to 
traverse  them.  Transparent  bodies  do  not  transmit  all  the 
light  that  enters  them.  Air  arrests  a  considerable  portion  of 
light  as  it  passes  through  it ;  and  water  does  not  allow  it  to 
penetrate  a  depth  beyond  seven  feet,  without  absorbing  one- 
half  of  its  quantity.  Practised  divers  know  that  in  the 
clearest  water  they  soon  find  darkness  as  they  descend,  and 
that  the  bottom  of  the  ocean  is  a  world  without  light. 

Velocity  of  Light. 

It  was  believed  that  the  velocity  of  light  was  instantaneous, 
until  astronomers  discovered,  in  the  eclipse  of  one  of  Jupiter's 
satellites,  that  the  motion  of  light  was  progressive.  They 
watched  the  satellite  entering  his  shadow  when  that  planet 
was  nearest  the  earth,  and  found  that  the  light  reflected  by  it 
look  about  33^  minutes  in  reaching  us,  and  when  furthest 
from  it  about  50  minutes;  hence  proving  that  the  rays  of 
tight  were  IQ^  minutes  in  travelling  the  diameter  of  the  earth's 
orbit,  or  S\  minutes  in  passing  from  the  sun  to  us,  a  distance 
of  95,000,00,0  imles.  Multiply  the  8|  minutes  by  60,  to 
reduce  them  to  seconds,  and  divide  the  distance  by  the  seconds, 
and  it  will  be  found  light  has  a  velocity  of  about  192,000  miles 
in  a  second. 

Peschel  observes :  "  A  cannon-ball  moving  with  a  uniform 
velocity  of  2450  feet  in  a  second,  would  be  6|  years,  and 
sound  would  be  1 4  years  in  coming  to  us  from  the  sim ;  a 
cannon-ball  moving  with  the  same  velocity  as  we  have  already 
supposed,  would  be  16  hours  in  travelling  round  the  circum- 
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our  earth,  a  apace  which  light  traverses  in  one- 
j^th  of  a  second:  the  velocity  of  light  nrast  therefore  bo 
hdf  a  million  times  that  of  a  cannon-ball,  and  more  than  a 
million  times  that  of  sound.  At  the  rate  of  4  miles  in  3J 
minntes,  being  the  speed  at  which  Brunei,  in  1841,  travelled 
on  the  Great  Western  Kailway,  it  would  reqiiire  more  than 
137  years  to  go  from  our  earth  to  the  sun." 

When  the  moon  is  ftill,  the  light  it  reflects  amounts  only  to 
about  a  hundred  thousandth  part  of  that  of  the  ami ;  its  di- 
stance is  ten  times  the  earth's  circa  inference,  conseiinently 
eeorcely  a  second  and  a  half  is  occupied  hy  light  in  ite  joumej 
from  the  moon,  to  the  earth.  FroTn  the  planet  Neptune,  at  a 
tremendous  distance,  light  is  five  hours  in  reaching  us ;  it  is 
years  from  the  nearest  fixed  star,  and  eejituries  from  the 
nearest  nebulae.  Sir  William  Herschel  stated,  when  writing 
upon  the  power  of  telescopes  to  penetrate  space,  that  the  light 
seen  by  him  at  that  time  by  means  of  his  powerful  telescope 
cannot  have  been  less  than  one  million  and  nine  hundred 
thousand  years  in  its  progresa. 

Of  Shadoivs. 
The  rays  of  light  under  ordinary  eircumstancra  are  emitted 
in  direct  lines,  as  proved  by  their  not  passing  through  a  bent 
tube ;  also,  a^  the  eubstmiee  on  which  tbcy  fall  and  the 
shadow  form  right  lines  with  the  ray.  When  light  meeto 
with  an  opake  body  through  which  it  cannot  pass,  it  is  stopped, 
and  daxkness  produced  on  the  opposite  side.  This  is  a  shadow. 
Dnring  night  we  arc  living  in  the  shadow  of  the  earth ;  the 
light  from  other  bodies,  however,  prevents  total  blackness  or 
darkness.  Thus  if  a  globe  be  held  before  a  gas-light  or  candle, 
the  shadow  on  the  opposite  side  to  the  light  will  only  he  faint ; 
but  if  the  gos- 
Ught  be  lowered, 
or  a  smaller  candle 
replace  the  other,  ^ 
the  shadow  will  be 
deepened,  though 
not  entirely  dark, 
&om  the  roilexiDn 
of  the  wall  or  other 
objects.     As  in  the 


Fig.  178. 
[iaa(fig.  178)  to  the  ei 


a  large  luramous  body  illuminatiug  a  small  opake  one 
shadow  e  e  produced  gradusily  tapcra  off  to  n  small  point  d. 
Bat  when  the  InminouB  body  a  (lig.  X79)  is  sraaller  thoa  tlie 
opake  one  b,  the  shadow 
c  d  will  gradually  in-  ^ 

crease    in    sizo.     This  ^__, — — ";y'" 

may  be  familiarly  il-        _L 

lustratedin  ft  roomwitli  ■  —J — , 

a  candle :  if  the  candle 

be    at    Home    distance  Fig-  17fi. 

from  a  person  who  is  between  it  and  the  wall,  tlie  ebadow 

will  he  about  the  same  size  as  the  person's  body ;  but 

candle  is  brought  nearer  to  bim,  the  shadow  will  be  enlaj^d, 

If  two  candles  be  placed  in  different  directions  beyond  an 

opake  body,  there  then  will  appear  two  shadows :  if  three, 

three  shadows ;  and  so  on. 

There  is  this  singular  property  in  the  rays  of  light,  that 
they  pasa  directly  on-    k 
wardin  a  straight  line,    I  \, 
crossing  each  other  in    1 
every    direction,    but   '. 
nerer  interfering  the      '■-,__ 
one  with  the  other.  ^'-■. 

Thus,  as  shown  in  the 
illustration  (fl^.  180), 
the  light  from  three 


(,  the  0 
proceeding  in  a  line, 
and    the     others     at 
angles ;  and  each  re- 
Hects   different    faint 
shadows  of  the  object 
placed  in  the  centre. 
The  small  triangle  just 
beyond  the  little  arrow 
or  figure    will   be    a 
strong    shadow,    be- 
cause in  that  part  no 
light  from  any  of  the  candles  reaches  there,  beinf;  obetruddl 
by  the  figure  and  enclosed  by  the  lines  indicating  the  sbadovn 
^m  the  three  candles. 
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Fa  hole  bo  made  tiirough  a  partitioE,  and  six  or  more 

itidlea  he  placed  on  one  side  of  it,  tiia  rays  from  each  wiH 

pass  throTigh  the  hole  and  cross  each  other,  reflecting  the  light 

of  each  on  a  part  of  that  apartment  where  the  condiea  are  not. 


Fig.  181. 
This  is  fllnstrated  in  fig.  1 8 1 ,  where  a,  b,  e,  d,  and  e  are  candles 
placed  at  one  side  of  a  -shutter  or  wall  fg,  the  rays  from  which 
candles  pass  through  the  aperture,  and  are  reflected  on  the 
wall  at  the  points  h,  i,  k,  I,  and  m. 

The  sun  in  the  early  morning  and  again  when  departing  in 
the  evening,  causes  long  shudowe  to  be  thrown  from  opoke 
bodies;  but  when  nearly  vertical,  at  noon,  the  shadows  are 
small. 

An  ecEpsc  of  the  moon  occurs  by  her  passing  through  the 
long  shadow  of  the  earth,  t.  e.  when  the  eurth  is  between  the 
moon  and  the  sun. 

Diminulion  of  Light  hy  Dislarice. 

The  rays  of  tight  diminish  in  intensity  according  to  distance, 

ocarespondence  with  the  law  tkat  governs  many  forces,  and 

"  iting  influences  in  general.     Light  diminishes  as  the  square 

le  distance  increases,  in  the  proportion  of  1,  4,  16,  &c.  to 

distances  1,  2,  3,  4,  &a.     Its  volume  at  the  some  time 

increaaos ;  for  if  u  caudle  be  lighted  on  a  dark  night  aud  placed 
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in  nn  open  promiaent  poHiti-on,  the  light  will  fill  a  sphere  of  a. 
mile  in  diameter.  The  nunil>er  of  distinct  rays  must  bafflo  all 
nttempta  at  calculation ;  for  were  the  entire  spaee  covered  vifli 
eyes,  all  would  receive  a  portion  and  become  sensible  of  ibt 
presence.  The  varioua  plonets  receive  heat  and  light  accordii^ 
to  their  distimoe  from  the  aim's  ra3's. 

Effr^iou  of  Light. 

All  bodips  that  are  visible  reflect  light,  in  other  words,  cause 
a  ray  to  turn  back  or  rebound  from  their  surface  when,  it 
impinges  upon  thoci.  It  is  by  the  entrance  into  the  eye  of 
these  reflected  rays  that  an  object  is  seen.  A  perfectly  trans- 
parent object  would  be  invisible.  Many  transparent  bodies, 
as  glass  and  water,  reflect  a  part  of  the  light  that  lalls  on  thera> 
Water  also  absorbs  a  part.  Anything  that  entirely  alKoite 
light  is  opake  and  blueh.  Ajiything  that  entirely  reflocts  light 
is  white,  or  destitute  of  colour.  Colours  are  produced,  as  will 
be  explained  presently,  by  a  breaking  up  of  the  my  of  white 
light,  of  which  a  coloured  body  reflects  a  part  and  abBorbs 
another  part. 

The  law  that  regulates  the  hne  of  reflexion  is  the  same  bb 
that  which  applies  to  motion — the  angle  of  reflexion  is  equal 
to  the  angle  of  incidence  of  the  ray  of  light.  With  whatOTCx 
obliquity  the  light  strikes  on  a  plane  surface,  with  the  Bams 
obliquity  is  it  reflected  &om  it  in  another  direction.  ILwt 
bodies  have  rough  surfaces,  made  of  an  immense  number  tjl 
planes.  These  scatter  light,  by  sending  back  the  rays,  so  tluit 
they  cross  in  all  directions.  Smooth  or  polished  bodies  hsn 
only  one  surface.  This  reflects  light  in  one  direction,  so  as  to 
afford  to  the  eye  an  imago  of  any  object  before  them.  Of  (rod) 
surfaces,  of  metal  or  glass,  are  formed  mirrors  or  apeddo. 
Fersuna  standing  before  a  looking-glass,  see  the  figure  of 
themselves  apparently  as  far  behind  the  glass  as  the;  bis 
before  it ;  this  is  from  the  ray  having  to  travel  from  the  peTBon 
to  the  glass,  then  from  the  glass  to  the  eye,  and  thus  the 
distance  is  measured  twice  over,  and  the  figure  seems  as  ftr 
behind  the  glass  as  the  figure  in  front  is  distant  from  it 
Persona  may  see  full-length  figures  of  themselves  in  a  ^sa 
which  is  not  more  than  half  the  length  of  their  bodies.  TbUB 
a  young  lady  a  b  (fig.  182),  anxious  to  see  the  effects  of  a  new 
dress,  stoncUng  before  tlie  looking-glasa  q  if,  will  eee  its  aiiit- 
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ablflnesa  at  c  b  ;  for  the  ray  passing  from,  lier  eji?  fulls  per- 


Pig.  182. 
pcndicularly  on  the  mirror  a  g,  and  is  reflected  baet  in  the 
same  linQ  to  the  eye,  and  has  traveUed  through  a  distance 
equal  to  \  q  ;  biit  &e  ray  proceeding  from  her  feet  a,  which 
f^  obliquely  on  the  glass,  will  he  reflected  in  the  lice  jf  a  to 
the  eye  ;  but  aa  we  view  objeotH  in  the  direction  of  the  reflected 
rays  which  reach  the  eye,  and  the  figure  at  the  aamo  distance 
behind  the  mirror  aa  the  pereon  ia  before  it,  we  mast  continue 
the  line  *  3  to  i>,  and  the  line  a  o  to  c,  where  the  figure  is 
represented  in  the  glass.  The  lin.e  gn  ia  equal  to  17  a  or  ff  a, 
and  the  line  ag,  which  represents  the  length  of  the  looking- 
glam,  is  half  the  line  A  a,  which  represents  the  height  of  tho 

^Vhen  we  move  backward  from  a  looking-glaas  the  figure 
seems  t«  retire,  and  when  we  approach  towards  a  glass  the 
inutge  seems  to  come  forward ;  hut  with  a  velocity  in  both 
instances  apparently  twice  that  of  your  own  movement,  because 
the  eye  ia  aifecl«d  with  the  motions  both  of  the  body  and  the 
imago,  which  are  equal  asd  eontraxy. 

Raya  of  light  falling  on  glass  pass  through  it,  as  we  have 
shown ;  but  when  a  coating  of  merc^ury  ia  applied  to  one  of 
the  surfaces,  the  rays  are  arrested  and  reflected :  thus  then,  it 
is  not  the  glass  but  the  mercury  that  reflects  the  rays  which 
form  the  image.  Had  mercury  not  been  fluid,  it  would  have 
fonaed  a  better  mirror  without  the  glass  than  with  it.  The 
finest  glass  manufactured  is  not  perfectly  transparent,  nearly 
half  the  light  being  either  absorbed  or  irregularly  reflected 
horn  the  inaccuracy  of  the  polish ;  this  accomits  for  the  image 
never  being  so  bright  as  the  object. 

Few  persona  think,  when  they  look  at  and  feel  glass,  that  I 
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the  surface  possesses  such  an  inequalily  as  to  make  it  reflect 
rays  with  considerable  irregularity ;  bnt  such  being  the  case, 
opticians  who  have  devoted  themselves  to  the  constmction  of 
superior  astronomical  instruments,  and  experimented  on  various 
substances,  find  a  mixed  metal,  close  in  texture,  little  porous, 
and  susceptible  of  a  high  polish,  the  best  adapted  for  mirrors. 

A  concave  mirror  is  formed  of  a  portion  of  the  internal 
surface  of  a  hollow  sphere ;  when  parallel  rajs  fall  upon  it, 
they  are  reflected,  and  converge  to  a  point  at  half  the  distance 
of  the  surface  of  the 
mirrorfrom  the  centre 
of  its  concavity. 

If  the  three  parallel 
rays  ab,  c  o  d,  ef  (fig. 
183)  faU  on  the  con- 
cave mirror  on,  the 
middle  ray  will  be 
reflected  in  a  straight 
line  DOC,  as  it  is  in 
the  direction  of  the 
axis  of  the  mirror. 
AB  and  EF,  falling 
obliquely  on  the  mir- 
ror, are  reflected  ob-  Fig.  183. 
liquely  to  o.  Then  o  d  will  be  found  to  be  equal  to  o  c,  or  the 
half  of  0  D.  The  dotted  lines,  it  will  be  observed,  exactly 
divide  the  angles  of 
incidence  and  re- 
flexion, and  the  two 
oblique  rays  meeting 
at  0  make  these  an- 
gles equal.  This,  ^ 
then,is  the  true  focus 
at  which  parallel  rays 
unite,  for  the  more 
distant  the  rays  the 
more  obliquely  they 
fall,  the  more  ob- 
Hquely  are  they  re- 
fleeted.                                               ■^'^-  ^^• 

When  a  concave  mirror  is  turned  opposite  a  celestial  object, 
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the  rays  proceeding  from  it  are  parallel  to  one  another,  and 
the  image  of  the  star,  moon,  or  sun  will  be  at  o,  half-way 
between  the  mirror  and  its  centre  of  concavity ;  but  the  image 
will  be  an  inverted  one,  as  the  rays  cross  each  other.  It  is  uni- 
versally the  case  that  the  image  formed  by  a  mirror  is  inverted, 
if  the  rays  after  reflexion  converge  to  an  actual  focus.  Thus  w 
(fig.  184)  is  the  concave  mirror,  i  the  candle,  and  a  the  image 
of  the  candle  inverted.  --^^ 

If,  however,  the  candle 
be  moved  nearer  to  the 
mirror  thou  the  centre  of 
concavity,  then  the  image 
will  not  only  be  erect,  but 
also  magnified. 

The  diagram  (fig.  185) 
illustrates  the  difierent 
effects  of  convergent  and  . 
divergent  rays  on  a  con- 
cave mirror.  When  rays 
fall  convergent,  they  are 
sooner  brought  to  a  focus, 
as  seen  in  the  full  lines; 
but  when  divergent,  as 
shown  in  the  dotted  lines, 
the  focus  is  at  a  greater 
distance  than  with  con- 
vergent or  parallel  rays. 


m 


Fig.  185. 


Fig.  186. 
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A  concave  mirror  may  then  ^roply  be  said  b 
cause  the  rays  coming  from  an  object  and  falUng  on  llie 
appear  to  the  eye  placed  in  the  focua  to  direrge  to  a  great 
extent  behind  the  glasa  when  viewed  in  iroot. 

A  conves  mirror  is  a  part  of  the  exterior  surface  of  a  sphere ; 
and  as  the  rays  &om  it  divei^,  the  images  it  produces  are 
diminished.  If  three  parallel  rays  abc  (fig.  186)  fall  on  a 
convex  mirror,  b,  being  at  the  axis,  proceeds  straight  onward 
to  7n  the  centre  of  the  sphere ;  but  a  and  c  felling  obliquely, 
ure  reflected  obliquely  to  if  « ;  now  as  all  things  are  seen  in  t£e 
direction  of  the  reflected  rays,  the  image  presented  by  this 
mirror  would  be  the  same  aa  if  it  was  placed  at/,  the  focus  of 
a  concave  mirror  of  the  same  sphcrocity. 

A  convex  mirror  diminishes  the  object,  which  inTarially 
appears  beyond  the  mirror,  in  its  natural  position,  and  smaiUK 
than  the  reality :  the  further  the  object  is  &om  the  mirror,  and 
the  less  the  radius  of  the  latter,  the  smaller  will  be  the  object, 
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An  image  thrown  upon  a  mirror  may,  by  employing  inAe 
mirrors  in  an  inclined  position  opposite  each  other,  be  multi- 
plied many  times  and  changed  iih  often,  in  e\'ery  direction.  To 
exhibit  this  there  is  an  instrument  made,  called  the  ma^ 
perspective :  it  consists  of  &  tube  having  a  division  throi^  the 
middle  ;  and  the  experimenter  being  told  to  place  a  book  tx 
piece  of  board  in  this  division  so  as  completely  to  obstmet 
fleeing  directly  to  the  end,  then  to  hold  a  coin  or  anythisg 
else  at  one  end,  and  look  through  the  other,  is  surpnsel.  If 
uninitiated  in  the  secret,  at  distinctly  seeing  the  coin,  aa  he 
supposes,  through  the  book  or  board. 
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Leta6crf«/ff  A(fig.  188)bethe  perapective  tube,  and  hfet 
tlie  opening  in  which  the  book  or  hoard  is  placed,  i  the  eye 
and  it  the  coin.     Then  at  I  m  thero  is  an  opening  into  another  I 
tabe  Inom;  und  at  Inom  aie  placed  looking-glasses  at  angles  I 


of  45  degrees  with  the  side  of  the  tube,  and  the  reflected  ray 
proceeds  in  the  course  of  the  arrows,  and  the  reflexion  of  the 
image  felling  on  m  is  again  reflected  to  o,  from  o  to  n,  from 
nio  I,  and  from  I  to  the  eye,  while  all  the  time  it  appears  h 
come  in  a  straight  line  through  the  hook. 

A  highly  polifilied  metallic  ooncavo  mirror,  when  exposed  t< 
the  sun,  on  collecting  the  rays  to  a  focua,  f 
heat  that  it  is  designated  a  burning  mirror 
propeitieB  of  a  burning-glass. 

The  Kaleidoscope. 
When  Sir  David  Brewster  tirst  exhibited  the  simple  and  beau- 
tiful little  instrument  named  the  kaleidnscope,  it  excited  the 
attention  of  every  one,  and  was  as  much  the  subject  of  con- 
versation, interest  and  amuBement  ui  family  cirdes  as  the 
stereosa^  has  become  since.  The  kaleidoscope  dehghted  from 
the  variety,  beauty,  and  arrangemant  of  coloured  artistic 
designs ;  presenting  innumerable  changes,  that  with  the 
slightest  movement ''  como  like  shadows  and  so  depart ;  "  the 
industrial  decorator  derived  from  it  many  valnahle  hints,  and 
it  was  an  endless  amusement  to  youth.  It  consists  of  a  tin 
tube  about  ten  inches  long  and  from  two  to  three  inches  wide, 
blackened  inside,  and  three  pieces  of  looking-glass,  or  glass 
painted  black  on  one  surface ;  these  are  placed  in  the  tube  at 
an  angle  of  60  degrees.  One  end  of  the  tube  is  covered  with 
a  cap  having  a  small  hole  to  look  through  ;  the  other  end  ha$ 
a  piece  of  common  window-glass,  held  in  its  place  by  a  hoo 
of  wire  before  and  behind  it.    Another  cap  at  the  further  oi' 


has  a  piece  of  groond  glass,  and  wben  fitted  on  there  ie  a  space 
of  aboat  a  quarter  of  an  inch  between  the  common  gitise  of  Ute 
tnbe  and  the  ground  glass  of  the  cap ;  in  this  space  are  placed 
coloured  beads,  pieces  of  glass,  or  other  coloured  transparent 
objects.  This  end  being  held  to  the  light,  and  the  eye  at  the 
opposite  hole,  the  pieces  of  coloured  glass  between  the  angles 
of  tiie  reflectors  are  reflected  five  times,  and  a  beautiiul 
Taric^t«d  star  having  six  sides  or  angles  meets  the  eye  of 
the  obeerver.  The  DtbuxKope  is  a  kaleidoscope  of  another  form. 
Refraction  of  lAgkt. 
We  have  observed  that  opake  bodies  generally  reflect  lifi}it, 
and  transparent  bodies  transmit  it ;  bnt  when  a  ray  of  light 
enters  a  transparent  mass,  that  is,  passes  &om  one  medium 
into  another,  in  an  oblique  direction,  the  direction  of  the  raj 
is  changed  both  on  entering  and  leaving :  this  is  called  r^rae- 
tion.  In  the  valuable  treatise  on  this  subject  by  Dr.  Aruott, 
he  remarks,  "  But  for  this  fact,  which  to  many  persons  mi^i 
at  first  appear  a  subject  of  regret,  as  preventing  the  distinct 
vifflon  of  objects  through  all  tranaparent  media,  light  could 
have  been  of  little  utility  to  man.  There  could  have  been 
neither  lenses  as  now,  nor  any  optical  instnimeDts,  as  tele- 
scopes  and  microscopes,  of  which  lenses  form  a  part ;  nor  even 
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Fig.  139. 
the  eye  itself."     Hays  of  light  falling  perpendicularly  upon  i 
surface  of  glass  or  other  transparent  substances,  pass  throu^ 


■without  being  beet  from  the  original  line  of  their  direction. 
Tbii3,  if  a  lay  passes  from  Sc  (fig.  189)  perpendicularly  to  the 
surface  of  the  pieoe  of  gluss  at  e,  it  will  pasa  to  A  in  the  right 
line  k,t,o,g,h.  But  if  the  same  ray  be  directed  to  the  surfacB 
e  obLquely,  aa  from  a,  instead  of  passing  through  in  a  direct 
line  to  6  in  the  direction  a,  e,  m,  h,  it  will  bo  refracted  to  d,  in 
a  direction  approaching  nearer  to  the  perpendicular  line  kh. 
The  ray  acia  termed  the  ray  of  incidence,  or  the  incident  ray ; 
and  tJie  ai^le  aek  which  it  makes  with  the  perpendicular  Jcii 
is  called  the  angle  of  incidence.  That  part  of  the  ray  from  e 
to  d  paBsing  through  the  transparent  medium  is  called  thu  ray 
of  r^«ction,  or  the  refracted  ray ;  and  the  angle  dtg  which, 
it  makes  with  the  perpendicular  is  caUed  the  angie  of  refrac- 
tion. The  ray  projected  fi«m  a  to  e  and  refracted  to  d,  ia 
passing  out  of  tite  transparent  medium  as  at  </,  is  as  much 
bent  from  the  line  of  the  refracted  ray  e  rf,  aa  that  was  from, 
the  line  of  the  original  ray  a  eh;  the  ray  then  passes  from  i 
to  c,  parallel  to  the  line  of  the  original  line  ae-h.  It  follows, 
then,  that  any  ray  pasaing  through  a  transparent  medium, 
wliose  two  surfaces,  the  one  at  which  the  ray  enters  and  the 
one  at  which  it  passes  out,  are  parallel  pianos,  it  ia  first  re- 
fracted from  ita  original  couihb  ;  bat  in  passing  out,  is  bent 
into  a  line  parallel  to  aad  running  in  the  same  direction  as  the 
original  line,  the  only  difference  being  that  its  course  at  this 
stage  is  shifted  a  littlo  to  one  aide  of  fiiat  of  the  original.  If 
from  the  centre  e  a  circle  be  described  with  any  radius,  as  4  e, 
the  arc  g m  measures  the  atigle  of  incidence  gem,  and  the  arc 
ff  tl  the  atu/le  of  refraction  ged.  A  line  m  o  drawn  from  the 
point  M  perpendicular  to  A  fr  is  called  the  sine  of  the  angle  of 
incidence,  and  the  line  dg  the  sine  of  the  angle  of  refraction. 
Prom  tho  conclusions  drawn  from  the  principles  of  geometry, 
it  baa  been  discovered  by  learned  men,  that  when  a  ray  passes 
from  any  one  into  any  ot^er  particular  transparent  substance, 
the  sine  of  the  angle  of  incidence  m  o  has  always  the  same 
ratio  to  the  rane  dg  of  the  angle  of  refraction,  no  matter  what 
be  the  degree  of  obliquity  witti  which  the  ray  of  incidence  ae 
ia  projected  to  the  surface  of  the  transparent  medium.  If  the 
ray  of  incidence  passes  from  air  obliquely  into  water,  the  sine 
of  incidence  is  to  that  of  refraction  as  4  f«  3 ;  if  it  passes 
from  air  into  glass,  the  proportion  is  as  3  to  2 ;  and  if  from  air 
into  diamond,  it  is  as  5  to  ^. 
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"  It  is  important  to  remark,"  says  Dr.  Amotty  "  that  for 
the  same  substance,  whatever  relation  holds  between  the 
obliquity  of  a  ray  and  the  refraction  in  any  one  case,  the  same 
holds  for  all  cases.  If,  for  instance,  where  the  obliquity  as 
measured  by  its  sine  is  40,  and  the  refi:action  is  half  or  20, 
then  in  the  same  substance  an  obliquity  of  10  will  occasion  a 
refraction  of  6,  and  an  obliquity  of  4  will  occasion  a  refraction 
of  2,  and  so  on.  As  a  general  rule,  the  refractive  power  of 
transparent  substances  or  media  is  proportioned  to  their 
densities.  It  increases,  for  instance,  through  the  list  of  air, 
water,  salt,  glass,  &c.  But  Newton,  while  engaged  in  his 
experiments  upon  the  subject,  observed  that  inflammable 
bodies  had  greater  refractive  power  than  others  ;  and  he  then 
hazarded  the  conjecture,  almost  of  inspired  sagacity,  and 
which  chemistry  has  since  so  remarkably  verified,  that  dia- 
mond and  water  contained  inflammable  ingredients.  We  now 
know  that  diamond  is  merely  crystallized  carbon,  and  that 
water  consists  altogether  of  hydrogen,  or  inflammable  air,  and 
oxygen.  Diamond  has  nearly  the  greatest  light-bending 
power  of  any  known  substances,  and  hence  comes  in  part  its 
brilliancy  as  a  jewel.  No  good  explanation  has  been  given  of 
the  singular  fact  of  refraction ;  but  to  facilitate  the  conception 
and  remembrance  of  it,  we  say  that  it  happens  as  if  it  were 
owing  to  an  attraction  between  the  light  and  the  refracting 
l)ody  or  medium." 

Vision  defective  through  Refraction. 

It  ought  always  to  be  borne  in  mind  ^^  that  we  see  every 
thing  by  means  of  the  rays  of  light  which  proceed  from  it." 
.  There  is  another  axiom  in  optics  to  be  remembered,  which 
is,  that  "  we  see  every  thing  in  the  direction  of  that  line  in 
which  the  rays  approach  the  eye  last."  This  is  popularly 
illustrated  by  placing  a  piece  of  silver  coin  in  an  empty  basin 
and  retiring  till  the  edge  of  the  basin  prevents  it  being  seen ; 
another  person  then  pouring  water  into  the  basin  gently,  so 
as  not  to  disturb  the  coin,  it  will  come  again  into  view  of  the 
person  who  retired  from  it.  If  the  eye  be  at  g  (fig.  190)  and  the 
coin  at  c,  when  the  basin  is  empty,  the  rays  of  light  flowing  from 
c  must  go  in  the  direction  of  chg^  for  then  they  cannot  go  in 
the  direction  of  hg,  the  side  of  the  basin  preventing  the  eye 
from  seeing  the  place  of  the  coin  c.     But  as  soon  as  water  is 
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p5iired  into  tlie  vessel,  tte  com  becomes  visible  by  the  rcfrao-   ' 
tioa  of  the  Riy ;  it  is  not  seen  in  the  situation  wliich  it  roally 
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MCniHBS,  bnt  an  image  of  it  higher  up  in  the  basin ; 
objects  appear  to  he  situated  in  the  directioa  of  the  rays  which, 
enter  the  eye,  tho  coin  will  he  seen  in.  the  direction  of  tha 
refraeted  ray  ghe.  This  also  exemplifies  that  rays  of  hght 
entering  from  a  denser  to  a  rarer  atmosphere  are  hont  from 
the  direct  line. 

It  is  this  deception  on  tbo  vision  that  causes  the  bottom  of 
a  place  in  which  there  is  clear  water  to  appear  nearer  the 
Biirface  than  it  really  is.  We  may  remark,  however,  this 
difference  as  regards  the  illustration  wo  have  given  of  the  coin, 
that  the  formation  of  aa  image  above  the  true  place  of  the  body 
does  not  depend  on  the  situation  of  the  eye ;  for  when  we  look 
at  the  bottom  of  a  clear  river 
or  pond  perpendicularly,  then 
it  appears  in  itsnatural  depth, 
because  there  is  no  refraction ; 
but  if  we  look  in  another 
^riwtion,  tho  raj-s  which  it 
reSects  are  refraeted  in  their 
pasBBge  from  the  water  into 
the  air,  which  causes  tho 
bottom  to  appear  nearer  tho 
Buriaco,  and  consequently  the  water 
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Thus  we  should  not  bo  able  to  perceive  the  object  m  in  the 
vesBcl  vv'  (fig.  191),  if  the  latter  irere  empty,  and  the  eye 
situated  at  o.  Tpon  water  being  poured  into  the  vessel,  the 
rays  passing  from  m  to  i  i  are  refracted  on  emerging  from  the 
water,  and  the  object  will  now  nppear  to  the  eye  to  be  at  n, 
much  higher  tlian  its  real  position. 

Astick(fig.  192)  plunged  into  water  in  any  direction  except  the 
perpendicular     will       ~ 
appear  bent. 

The  angler  when 
ho  dips  his  rod  in 
the  stream  sees  it 
twisted,  and  can 
only  judge  of  its 
position  from  that 
portion  which  is  out 
of  the  water. 

The  oars  of  a  boat  ^ig- 192. 

appear  broken  at  the  part  that  touches  the  water.  The  image 
of  the  position  in  the  water  seems  apparently  formed  above  IJie 
object  itself. 

In  spearing  salmon  or  eels  the  experienced  fisherman  allows 
for  this  deception  of  vision,  as  the  sportsman  calculates  distance 
when  he  fires  at  a  bird  flying  in  the  air. 

like  every  other  provision  of  Providence  for  man,  this  re- 
fractive phenomenon  is  beneficial.  When  light  leaves  unknown 
space  and  enters  our  aerial  atmosphere,  it  is  refracted ;  and 
this  prevents  our  seeing  the  heavenly  bodies  in  their  real 
position,  seeming  to  be  a  little  higher  than  they  really  arc, 
excepting  when  directly  over  our  heads. 

Thus  it  is  we  do  not  see  the  sun  and  moon  in  the  places  where 
they  really  are  situated.  To  a  person  on  the  earth  at  E  (i^, 
193),  the  sun,  moon,  or  star  that  is  at  S  appears  as  if  at  C,  from 
the  rays  that  proceed  from  S,  entering  the  atmospbere  sur- 
rounding the  earth  at  E,  being  bent.  The  ray  coming  in  a 
line  from  A  to  D  seems  to  the  eye  to  come  from  B,  although 
in  reality  it  comes  from  A,  and  is  bent  at  D  to  the  line  endkg 
at  E.  From  this  circumstance  we  see  the  image  of  the  sun 
before  the  sun  itself;  and  have  added  to  the  length  of  onr  days 
both  the  morning  dawn  and  the  evening  twilight.  Were  it 
otherwise^  we  should  suddenly  pass  from  a  glare  of  lig^t  into 
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intense  darkness,  which  might  bo  injniious  to  the  eye,  ani 
producG  many  evils,  of  wliich,  under  the  present  wise  and  kin< 
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orilinatiott,  we  are  h^pily  Tmcouseions.  If  the  sun  were 
immediately  orcr  our  heiwlM,  ilieu  the  rays  would  proceed  in  a 
Btnught  lino  without  heing  refracted,  and  we  should  see  it  in 
its  octual  powtion,  whiuh  is  somutimea  the  ease  iu  the  torrid 
aone.  Still  this  must  be  remembered,  that  as  we  reooive  the 
ray  of  the  aun  eight  and  a  quarter  minutes  after  it  has  left  its 
source,  tlie  sun  maat  have  shifted  its  position  ere  it  is  observed, 
therefore  we  see  it  at  the  place  where  it  was  when  the  rays 
loft  to  proceed  on  their  journey.  In  these  remarks  we  have 
spoken  of  the  apparent  motion  of  the  sun,  produced  by  tht 
diurnal  rotation  (^  the  earth  ;  but  the  cffei^t  would  have  been  I 
the  same  whether  the  sun  or  the  earth  moved,  and  hence  w^ 
have  referred  to  the  subject  as  things  seem  to  : 

A  knowledge  of  the  laws  of  re&action  explains  that  whidi  § 
had  often  been  a  subject  of  wonder  and  fear  to  the  ignorant, 
generally  known  by  the  term  mirage,  wliich  is  a  reflexion  w 
re&aetion  of  distant  lands,  cities,  and  vessels  in  the  heavens, 
In  some  countries  t^ese  a{)pearajices  are  of  frequent  oc 
arinng  from  the  atmosphere  between  the  eye  and  the  o 
bciug  more  rare&d  or  dense  in  one  part  than  in  a 
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Captain  Scorcsby  relates  that  he  once  saw  his  father's  ship 
inverted  in  the  air  when  really  it  was  below  the  horizon.  The 
Captain  says,  "  It  was  so  well  defined,  that  I  conld  distingnish 
by  a  telescope  every  sail,  the  general  rig.  of  the  ship,  and  its 
particular  character,  insomuch  that  I  confidently  pronounced 
it  to  be  my  father's  ship,  the  *  Fame,'  which  it  afterwards  proved 
to  bo ;  though,  on  comparing  notes  with  my  father,  I  found 
that  our  relative  position  at  the  time  gave  our  distance  from 
one  another  very  nearly  thirty  miles,  being  about  seventeen 
miles  beyond  the  horizon,  and  some  leagues  beyond  the  limit 
of  direct  vision.  I  was  so  struck  with  the  peculiarity  of  the 
circumstance,  that  I  mentioned  it  to  the  oflScer  of  the  watch, 
stating  my  fidl  conviction  that  the  *  Fame '  was  then  cruising  in 
the  neighbouring  inlet." 

The  supposed  supernatural  appearance  of  the  spectre  ship 
known  to  sailors  as  the  *  Flying  Dutchman,'  may  perhaps  be 
explained  in  some  such  way. 

There  are  numerous  well-attested  facts  of  distant  objects 
being  seen  close  at  hand,  and  of  gigantic  figures  in  fogs  and 
mists,  arising  from  a  reflexion  in  the  atmosphere.  The  follow- 
ing account  of  the  singular  phenomenon  called  the  Spectre  of 
the  Brockcn,  in  the  Hartz  Mountains  in  Germany,  is  given  by 
Mr.  Hane : — 

**The  sun  arose  about  four  o'clock,  and  the  atmosphere 
being  quite  serene,  towards  the  east  his  rays  could  pass  without 
any  obstruction  over  the  Heinrichshohe.  In  the  south-west, 
however,  towards  Achtcrmannshohe,  a  brisk  west  wind  carried 
before  it  thin  transparent  vapours,  which  were  not  yet  con- 
densed into  thick  heavy  clouds. 

"  About  a  quarter  past  four  I  went  towards  the  inn,  and 
looked  round  to  see  whether  the  atmosphere  would  permit  me 
to  have  a  free  prospect  to  the  south-west ;  when  I  observed  at 
a  very  great  distance,  towards  Achtcrmannshohe,  a  human 
figure  of  a  monstrous  size.  A  violent  gust  of  wind  having 
almost  carried  away  my  hat,  I  clapped  my  hand  to  it  by 
moving  my  arm  towards  my  head,  and  the  colossal  figure  did 
the  same. 

<*  The  pleasure  which  I  felt  on  this  discovery  can  hardly  be 
described ;  for  I  had  abeady  walked  many  a  weary  step  in  the 
hopes  of  seeing  this  shadowy  image,  without  being  able  to 
Ratify  my  curiosity.     I  immediately  made  another  movement 


by  bending  my  body,  and  tbo  colosaal  figure  before  me  repeated 
it.  I  Tvas  deairouB  of  doing  the  same  tbing  once  more,  but 
my  colossus  bad  vnniBbed.  I  remained  in  tbo  same  position, 
waiting  to  see  whether  it  would  return,  and  in  a  few  minutes 
it  again  made  its  appearance  on  the  Achtermannabiibe.  I  paid 
my  reapecta  to  it  a  second  time,  and  it  did  tbe  same  to  mo.  I 
then  colled  tbe  landlord  o£  tbe  Brocken ;  and  having  both 
taken  the  same  position  which  I  had  taken  alone,  we  looked 
towards  the  Acbtermnnn  shiihe,  but  we  saw  nothing.  We  had 
not,  however,  stood  long,  when  two  such  colossal  figures  were 
formed  over  tbe  above  eminence,  ivbieb  repeated  our  compli- 
ments by  bending  their  bodies  ae  we  did,  after  which  they 
yauisbed.  "We  retained  our  poeitioa,  kept  our  eyes  fixed  on 
the  same  spot,  aud  in  a  litUe  time  tbo  two  figures  again  stood 
before  us,  and  were  joined  by  a  third.  Every  movement  we 
made  by  bending  our  bodies,  these  figures  imitated,  but  mth. 
tbia  diftercnce,  that  the  phenomen-on  was  Bometiraea  weak  and 
faint,  sometimes  strong  and  well-defined.  Having  thus  hod 
en  opportunity  of  discovering  the  whole  secret  of  this  pheno- 
menon, I  eau  give  the  following  information  to  such  of  my 
readers  as  may  be  desirous  of  seeing  it  themselves. 

"  When  the  rising  sun — and  according  to  analogy  tbe  caae 
w^  be  the  same  as  the  setting  sun — tJiraws  his  rays  over  tbe 
Broeken  upon  the  body  of  a  man  standing  opposite  to  fine 
light  clouds  floating  around  or  hovering  past  him,  he  need 
only  Sx  bis  eyes  steadfastly  upon  them,  and  in  all  probabihty 
he  will  see  the  singular  sijcetaelo  of  his  own  shadow,  estond- 

B  to  tbo  length  of  five  or  six  hundred  feet,  at  tbe  distance  of 

)at  two  miles  before  him." 

Leiiscs. 

JFe  now  come  to  the  account  of  those  useful  optical  iustrn- 

mn 

Fig.  104. 
{bts,  tbe  proper  construction  of  which  gives  them  value,  and 
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Yrhich  are  called  lenses.  They  consist  of  glass  ground  to 
particular  forms  (fig.  194),  best  suited  to  collect  and  disperse 
rnys  of  light.  The  effect  of  any  lens  upon  the  ray  of  light 
may  always  be  discovered,  if  it  bo  borne  in  mind  that  on 
entering  glass  from  air  the  ray  is  bent  towards  the  perpendi- 
cular to  the  surface,  and  on  emerging  into  air  from  glass,  it  is 
again  bent  from  the  perpendicular  to  the  surface. 

A  plano-convex  lens  (fig.  195)  has  one  side  flat,  and  the 
other,  h  c,  convex.  The  axis  of  a 
lens  is  a  line  passing  through  its 
centre,  as  ad.  When  rays  ap- 
proach each  other  to  meet  at  one 
spot,  they  are  said  to  converge ; 
thus  the  parallel  rays  b  b  b  b  (fig, 
196)  passing  through  the  plano- 
convex lens  D,  converge  until  they 
meet  at  c ;  if  the  light  were  re- 
versed, and  c  was  a  candle,  then 
the  rays  would,  as  it  were,  retreat 
from  each  otlier  in  approaching 
the  lens,  and  be  said  to  diverge, 
c  is  termed  the  focus  of  the  lens  n. 
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for  the  parallel  lines  passing  through  it  aU  meet  there.  The 
distance  of  the  focus  from  the  centre  or  middle  of  the  glass 
may  be  known  by  drawing  a  circle  around  it,  as  it  is  equal  to 
the  diameter  of  the  sphere  of  which  the  convex  surface  forms 
a  part.    Rays  of  light  passing  out  of  a  rarer  to  a  denser 


medium  incline  to  the  perpendicular  to  the  Burface,  ho  that  tl 
rays  b  b  b  n  poBeing  through  the  lens  bend  to  the  axis  or 
pendionlar  ray  a  c.     c  is  also  called  the  principiil  focus,  o 
locus  of  parallel  roys,  and  its  distance  from  the  middle  of  tl 
^iiss  is  the  focal  distance. 

A  plano-concava  lens,  b  c  (fig.  197),  is 
flat  at  one  side  and  concave  at  the  other ; 
and  the  paralle!  rays  diverge  after  pass- 
ing through  it,  as  il'  they  had  como  &om 
a  radiant  point,  at  the  distance  of  the  » 
diameter  of  the  concavity  of  the  lens: 
this  is  called  the  imaginary  fiicns.  Thus 
the  rays  e  e  (fig.  198)  are  refracted  to 
e'e',  as  if  thej  had  proceeded  iiom  the 
point  e. 


Pig  197. 


trig.  19§. 
double-concave  lens  (fig.  19S)  is  concave  at  both  s 
m  parallel  rays  of  hght  fall  upon  it,  inBteiid  of  converging  " 
to  the  parallol  ray,  thoy  seem  drawn  to  the  lens,  and  diverge 
from  the  parallel  ray  both  ia  their  passage  through  the  lena 
and  afterwards  upon  leaving  it.     The  imaginary  focus  is  at  the  _ 
distance  of  the  radius  of  concavity. 
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side  h  c\  and  concave  at  the  other  f!  e\  its  effect  is  according 
to  the  manner  in  which  it  is  applied.  With  regard  to  this,  as 
well  as  other  lenses  formed  of  glass,  the  angle  of  incidence 
always  bears  the  same  ratio  to  the  angle  of  refraction,  whether 
it  be  with  regard  to  plane  or  spherical  surfaces,  concave  or 
convex,  or  in  whatever  direction  the  rays  may  be  refracted. 

A  double-convex  lens  is  convex  on  both  sides.     If  parallel 
rays  of  light  fall  directly  upon  a 
double-convex  lens   a   (fig.   201), 
they  will  be  so  bent  out  of  their 
course  as  to  unite  in  a  point  at  /. 
The  central  ray,  falling  perpendicu- 
larly upon  the  glass,  passes  directly  ^ 
through  it  without  suffering  any  ^- 
refraction;    but  those  which  pass 
through  further  from  this  centre, 
falling  more  or  less  obliquely  on  its 
surface,  will  be  so  bent  as  to  meet 
the  central  ray  at  /.     This  point,  at 

which  the  rays    are   collected,   is -^'' 

termed  the  principal  focus,  whose  Fig.  201. 

distance  in  the  double-convex  lens  is  equal  to  the  radius,  or 
half  the  diameter  of  the  sphere  of  the  convexity  of  the  lens. 
If  rays  are  made  to  traverse  a  double-convex  lens,  they  must 
converge  more  rapidly  than  through  a  plano-convex  one,  for 
they  are  first  refracted  at  the  convex  surface  of  a  denser 
medium  on  entering  the  lens,  and  are  again  refracted  at  the 
concave  surface  of  the  rarer  medium  in  passing  again  into  the 
air,  and  must  therefore  have  a  double  degree  of  convergency. 
It  is  likewise  seen  in  fig.  202  that  if  an  object  a  6  be  placed 
beyond  the  focus  of  a  convex  lens  ef,  some  of  the  rays  pro- 
ceeding from  the  point  of  the  object  on  the  other  side  of  the 
glass  will,  after  passing  through  it,  converge  into  as  many 
points  on  the  opposite  side ;  o!  6',  which  proceed  from  the  point 
a,  will  converge  into  cC  h',  and  finally  meet  at  c.  The  rays 
c'  d'  proceeding  from  the  middle  of  the  arrow,  will  be  con- 
veyed into  c"  d"  and  meet  at  g ;  and  the  rays  which  come 
from  the  point  6,  will  meet  each  other  again  at  d ;  and  so  on 
of  the  rays  from  any  of  the  intermediate  points,  there  wiU  be 
as  many  focal  points  formed  as  there  are  radial  points  in  the 
object,  and  consequently  they  will  be  painted  on  the  retina  of 


Fig.  '20-2. 


nvex  lens  bo  placed  in  the  hole  of  the  shutter  g  (fig. 
.203)  of  a  darkened  room,  it  will  concentrats  the  rays  of  light, 
l^imd  represent  on  the  opposite  ■wall  a  picture  of  the  different 
'objects  from  which  the  rays  proceed,  hut  in  an  inverted 
position. 


Bse—^      ^ 

.^^-M 

ml 

.^^^==^^ 

""^^^^^^^ 

^^ 

The  rays  from  the  top  of  the  tree  a  proceed  onward  and  aro 
jeprcscnted  at  a ;  tho  rays  of  light  moving  in  a  straight  lino 
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and  entering  the  room  in  a  descending  directiany  by  their  thus 
continuing,  fall  on  the  lower  part  of  the  wall  opposite  the  hole 
in  tho  shutter,  whereby  tho  top  of  the  tree  is  seen  inverted 
instead  of  upright  as  in  the  ^4ow.  Tho  rays  from  the  bottom 
of  tho  tree  b  on  entering  the  hole  in  tho  shutter  ascend,  and 
thus  this  part  of  the  tree  b  appears  highest.  The  rays  from 
the  church  ef  represent  its  figure  on  the  wall  in  the  manner 
ef.  It  will  thus  be  seen  that  the  rays  from  different  directions 
proceed  independently  in  a  straight  line,  reversing  the  position 
from  the  highest  to  the  lowest ;  or  the  rays  from  tho  right  to 
the  left,  from  the  lowest  to  the  highest ;  or  the  rays  from  the 
left  to  the  right,  excepting  the  mausoleum  in  the  centre  c  d, 
which  although  upside  down,  its  situation  in  the  picture  is  the 
same :  this  is  from  its  being  exactly  in  front  of  the  hole  in  the 
shutter ;  and  as  its  rays  fall  perpendicularly,  so  do  they  pro- 
ceed to  the  wall.  In  fact,  the  whole  is  an  inverted  miniature 
representation  of  the  landscape;  and  is  exactly  the  same 
principle  on  which  the  pupil  of  the  eye  portrays  objects  on 
the  retina,  and  on  which  the  camera  obscura  acts. 

The  diagram  (fig.  202)  shows  also  that  the  image  of  an 
object  seen  through  a  convex  lens  will  be  larger  or  less 
than  the  object  itself,  according  as  the  distance  of  the  latter 
from  the  lens  is  greater  or  less.  If  the  smaller  arrow,  which 
is  placed  near  the  lens,  be  the  object  to  be  viewed,  the  rays  of 
light,  proceeding  from  each  end  and  the  middle,  are  seen  to 
come  to  a  focus  at  three  points  in  the  larger  arrow  at  the  other 
side.  If  this  larger  arrow  be  the  object,  being  further  from 
the  lens,  the  rays  from  it  will  come  to  a  focus  at  a  nearer  point 
on  the  other  side,  producing  the  smaller  image. 

It  is  to  be  observed  that  the  further  an  object  is  frt>m  the 
lens,  the  less  divergent  are  the  rays  darting  from  it  towards 
the  lens,  or  the  more  nearly  do  they  approach  to  being  parallel. 
If  the  distance  of  the  radiant  point  be  very  great,  they  really 
are  so  nearly  parallel  that  a  very  nice  test  is  required  to  detect 
the  non-accordance.  Bays,  for  instance,  coming  to  the  earth 
from  the  sun,  do  not  diverge  the  millionth .  of  an  inch  in  a 
thousand  miles.  Hence,  when  we  wish  to  make  experiments 
with  parallel  rays,  we  take  those  of  the  sun. 

Any  two  points  so  situated  on  the  opposite  sides  of  a  lens, 
as  that  when  either  becomes  the  radiant  point  of  light,  the 
other  is  the  focus  of  such  ii^t;  are  called  conjugate  fod^    An 


object  and  its  image  formed  by  a,  lens  must  alwaya  be  in  eon- 
Juffoie  fofi ;  and  when  tho  one  is  nearer  tlie  lena,  the  other 
will  be  IE  a  certain  proportion  more  distant. 

What  is  called  the  principal  focns  of  a  lena,  and  by  the 
distance  of  which  from  the  glass  "we  compare  or  classify  lonaes 
among  thcmaelres,  is  the  point  at  which  the  aim's  rays, 
that  ia,  psrallol  rays,  are  made  to  meet ;  and  thus,  by 
holding  tho  glass  in  the  sun.  end  noting  at  what 
distance  behind  it  a  Httle  luminous  spot  or  image  of 
the  Bun  is  formed,  we  can  at  once  ascertain  the  focua 
of  a  glass. 

A  concavo-coiiTox  lens  (fig.  204)  is  one  in  ■which 
the  two  surfaces   agree  in  general  i'orai  with  the 
mcniseua  lens,  but  differ  in  this  respect,  that  the 
concave  surfaeo  ia  a  part  of  a  emaller  sphere  than  that  Fig.  20*. 
of  the  convex  aide ;  tho  two  surfaces,  if  produced,  would  never 
meet  as  they  do  in  the  me 

A  multjplying-glasa  is 
a  convex  lens  having  a 
number  of  facee  cnt  nt 
angles  to  each  other  upon 
it,  so  that  objecta  seen 
through  it  are  multiplied. 
Thus  the  rays  from  a 
candle  or  other  object 
from  a  to  6  (fig,  205j  are  \ 

i-cfrucl«d  in  passing 
through  the  glass,  so  that 
the  eye  where  tbey  meet  ^^' 

sees    three    objects,  one   a\^^  V\%.  205. 

direct  at  n,  and  two  by  refraction  at  c,  0. 

We  may  here  state  that  what  is  understood  by  a  pencil  o 
rays,  is  when  rays  a  a  (fig.  206)  diverge  or  spread  out  from  a 
single  point  of  a  luminous  body  h.  A  ray  is  always  intended 
to  signify  a  single  lino  of  light  proceeding  Irora  a  luminous 
olqect. 

Either  a  double-convex  or  plano-convex  lens,  it  is  seen, 
will  refract  Vnc.  rays  of  the  sun  fiuDing  on  its  surfeoe  to  a  point 
OD  the  opposite  side ;  as  any  sucli  conatitute'5  a  bnming  lens, 
>  point  to  which  Ihey  arrive  is  hence  called  the/oow.  Th«J 
I  tho  surface,  the  more  powerful  will  be  the  focus: 
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poao  a  lens  fonr  inches  diameter  havo  a  focus  at  one  f 


Fig.  206. 
distance,  giving  an  image  of  the  sun  the  one-tenth  of  an  inch 
in  diameter,  1600  times  less  than  thfl  surface,  consequently 
the  rayB  fit  the  focus  will  be  this  much  denser  than  at  the 
eurfaco.  A  very  powerful  burning  lens  was  made  by  Mr. 
Parker  for  Dr.  Priestley,  s  " 
of  the  Emperor  of  China. 
Fig.  207  represents  it  as 
mounted  on  a  stand.  It 
■was  formed  of  flint-glass 
nearly  three  feet  in  dia- 
meter, hawng  when  fixed 
a  clear  surface  of  two  feet 
eight  inches  and  a  half;  its 
weight  was  212  pounds,  its 
focal  length  six  feet  eight 
inches,  and  the  diameter 
of  the  image  of  the  focus 
one  inch  ;  but  by  applying 
another  lens,  tho  focus  was 
reduced  to  half  an  inch  in 
diameter.  It  produced  a 
heat  that  set  fire  instantly 
to  hard,green,  or  wet  wood; 
it  melted  iron  plates  in  a 
moment ;  and  tiles,  slat«s, 
Mid  earths  became  vitrified. 
Sulphur,    pitch,    and     all  Fig.  207. 

resinous  bodies  melted  under  water;  fir-wood  exposed  to  the 
focus  under  water  did  not  aeem  changed,  but  when  broken. 


the  inside  was  burnt  to  coal.  If  a  cavity  was  made  in  a  piece 
of  charcoal,  and  the  aubstancos  to  be  acted  on  were  put  in  it, 
Uie  effect  of  the  lena  was  much  increased:  any  metal  thus  en- 
closed in  the  canity  of  a  piece  of  charcoal  melted  instantly,  the 
fire  sparkling  like  that  of  a  forge  ;  the  ashes  of  wood,  paper, 
linen,  and  tdl  vegetable  substances  were  tomed  into  a  trans- 
parent glass.  The  aubstancos  most  dif&colt  to  bo  wrought  on 
were  those  of  a  white  colour.  It  fused  twenty  grains  of  gold 
in  four  soconds ;  of  silver  in  threo  seconds ;  tan  grains  of 
platinum  in  three  secotids,  and  as  much  flint  in  thirty  seconds ; 
yet  there  was  no  heat  at  a  small  distance  out  of  the  focus.  Tbo 
finger  could  be  placed  ia  the  cono  of  rays,  within  an  inch  of 
iJio  foeua,  without  any  hurt;  when  Mr.  Parker  placed  his 
flngerat  thcfocuB,  he  said  it  did  not  feel  like  ordinary  burning, 
bat  the  sensation  was  that  of  a  sh  arp  cut  with  a  lancet.  The 
water  when  clear,  and  in  a  clean  ghss  decanter,  wna  not  even 
wanned ;  but  witii  iron  in  it,  or  ink,  it  was  made  to  boil. 

Camera  Ohscura. 
A  camera  obscura  consists  of  a.n  oblong  box  in  one  end  of 
which  is  fitted  a  smaller  portion  having  a  conves  Iouk,  and 
which  part  slides  in  or  out  to  adjust  the  focus  according  to  the 
stance  of  the  external  objects.  At  the  opposite  end  of  the 
box,  at  an  angle  of  45  degrees,  a  plane  mirrorp  i  (fig,  20S)  is 


fixed,  which  receives  the  image  of  the  object  from  the  lens  a, 
and  reflects  it  against  a  square  of  ground  glass  y.     The  picture 
there  ropreeenteil  may  bo  sketched  on  the  rough  glass,  or  if  a  ■ 
pieco  of  oiled  or  tracing  paper  be  Imd  on  it,  a  copy  may  be  taken  fl 
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bot  to  do  this  dkobaaUj,  a  black  cloth  ahoold  cover  the  head 
and  end  of  the  oamera  to  ezolode  extraneooB  light.  This 
instminent  has  acquired  of  late  an  additional  importance  by 
its  use  in  photography.  The  picture  to  be  photographed  is 
first  focoaed  on  the  ground  glaas,  and  a  sensitiTe  plate  bang 
now  anbstituted  for  it  for  a  brief  space  of  time,  the  required 
picture  la  impressed  upon  it  by  the  sunbeam. 
PrUrm. 

A  prism  is  a  solid  body  included  between  three  or  sum 
&ceB,  each  of  these  Xl^s, 
being  a  parallelogram. 
A  triangular  prism 
of  glass  possesses  the 
property  of  bending 
tlie  rays  of  light  &om 
their  original  courae 
by  refraction.     Thus  Fig.  209. 

the  ray  BE  (fig.  209)  entering  the  pnsrn  p  at  the  point  £  is 
refracted  in  the  direction  of  the  line  e  f,  and  on  leaving  the 
prism  at  f  is  again  refracted  in  the  direction  f  o  ;  but  all  the 
rays  constituting  white  light  are  refracted  in  a  different  degree, 
as  will  be  aftern-atds  explained. 

In  the  diagram  (fig.  210)  the  faces  of  the  glass  prism  are 


A  B  and  n  c,  and  if  of  crown  gloss  "will  hayo  a.  re£ractiv6  power 
of  1*525.  'Now  if  a  ray  of  light,  t  o,  full  on  the  face  of  the 
piJsm  at  o,  draw  a  lino  H  i  perpondimilar  to  the  face  i  b,  then 
with  a  pair  of  compaeses  from  a  scato  of  equal  parta  take  the 
refractive  power  1'525 ;  then  place  ono  point  of  the  oonipaesos 
on  sp,  move  it  along  to  some  point  f,  till  the  other  point  foJla 
on  a  point  j  of  o  n,  so  that  f  j  is  perpendicular  to  o  a ;  then 
with  Q  ns  a  centre,  with  the  distance  of  describe  the  circle 
J  F  H.  On  the  scale  hefore-named  with  the  compasses  take 
I'OOO  and  set  it  off  from  o  towards  a  ;  this  will  give  the  point 
w  ;  through  this  point  draw  w  k  parallel  to  h  i ;  then  from  the 
point  K,  where  this  line  cuts  the  circle,  draw  k  l  perpendicular 
to  H  I.  Thus,  then,  y  j  is  the  sine  of  the  angle  of  incidence, 
and  L  K  the  sine  of  the  angle  of  refraction,  and  the  line  a  kx 
drawn  through  s  represents  the  refracted  ray. 

Then  as  the  ray  a  m  meets  the  second  refracting  surface  at 
M.  through  it  draw  s  o  perirendioular  to  e  u,  and  with  m  as  a 
centre,  and  distance  o  r,  describe  a  circle  and  construct  the 
figure  P  N  a  0,  exactly  similar  to  the  one  abore  described. 

The  ray  departing  from  the  prism  into  the  air  in  this  last 
instance,  rq  is  the  sine  of  the  angle  of  incidence,  and  bs  the 
sine  of  the  angle  of  refraction,  therefore  the  Une  m  a  draira 
through  M  will  be  the  refracted  raj.  It  will  be  seen  that  the 
prism,  from  its  powers  of  refraction,  has  bent  the  ray,  which 
if  not  refraetod  would  have  proceeded  direct  onward  to  t,  and 
gives  the  angle  tub  as  the  amount  of  the  deviation  from  a 
direct  line.  Now  if  a  ray  of  light  fall  on  the  face  of  the  prism 
at  F  o,  by  looking  at  a,  it  will  be  seen  at  v  proceeding  along 
the  line  a  c  v,  and  the  angle  y  o  f  will  be  equal  to  the  angle 
T  trs. 

On  the  refracted  ray  a  u  traversing  tho  prism,  it  proceeds 
in  a  direct  line  parallel  to  b  n ;  and  on  this  occurring,  ttie  angle 
of  deviation  f  ti  v  is  not  so  great  as  if  tho  ray  fell  in  amy  other 
position,  or  the  prism  were  differently  constructed.  If  a  candle 
be  used  to  give  the  ray,  then  by  looking  at  m  of  tho  prism  and 
tnming  it  round,  the  image  of  the  candle  will  be  stationary  at 
T,  which  shows  the  line  o  m  is  parallel  to  n  s ;  but  in  any  other 
position  the  image  will  move  towards  v. 

If  a  line  be  drawn  from  a  e  to  Cj  ao  as  to  divide  the  base  of 
the  prism  into  two  eqnal  parts,  when  in  the  position  as  repre- 
sented in  the  diagram,  then  the  angle  of  retraction  s  o  l  on  the 
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surface  of  the  prism  "v^here  the  ray  enters  is  equal  to  b  a  c, 
half  of  the  angle  of  the  prism.  Then  as  half  this  angle  has 
been  ascertained,  and  as  it  is  easy  by  a  dividing  instroment  to 
measure  the  angle  of  incidence,  f  e  h  is  at  once  known,  as  well 
as  the  angle  of  refraction  o  h  s  on  the  other  surface  of  the 
prism;  and  having  ascertained  them  on  one  side,  they  are 
easily  known  on  tiie  other.  Then  dividing  the  sine  of  the 
angle  of  incidence  by  the  sine  of  the  angle  of  refraction^  the 
refractive  power  is  gained. 

Analysis  of  the  Bay  of  Light. 

If  a  prism  be  placed  opposite  to  a  hole  in  a  shutter  admitting 
a  ray  of  light  to  a  darkened  room,  a  singular  effect  takes  place, 
for  an  explanation  of  which  we  are  indebted  to  Sir  Isaac 
Newton ;  it  shows  us  that  the  pure  ray  of  white  light  is  com- 
posed of  several  brilliant  colours.  In  old  times  light  was 
considered  to  be  a  simple  homogeneous  body.  But  if  the  ray 
be  transmitted  through  the  prism,  and  thrown  on  a  screen 
opposite,  seven  distinct  colours  will  appear  in  the  following 
order  (fig.  211) : 


Fig.  21 L 

This  dissection  of  a  ray  of  light,  then,  shows  it  to  be  com- 
posed of  red,  orange,  yellow,  green,  blue,  indigo,  and  violet 
colours.  The  red  rays,  it  will  be  observed,  are  the  least  tamed 
out  of  their  course,  and  the  violet  the  most  so ;  and  the  others 
possess  this  property  more  or  less  as  expressed  on  the  screen 
where  they  are  represented :  the  breadth  of  the  oblong  image 
of  the  colours  is  equal  to  the  diameter  of  the  hole  in  the 
shutter.  It  is  a  curious  coincidence,  that  the  number  (rf 
colours  agrees  exactly  with  the  primitive  number  of  notes  in 
music. 
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1  the  pr'ismaiic  ^eelrw/n,  flS  thti 
sen  is  called,  be  divided  into  36W 
parts,  the  proportion  of  tlie  red  will  be  45  porta,  tie  ornnge 
27,  the  yeUow  48,  the  green  and  blue  60  each,  the  indigo  40, 
and  the  violet  80.  If  a  circular  piece  of  card  be  divided  into 
these  proportions  and  coloured  accordingly,  then  whirled 
rapidly  round,  the  colours  will  be  ho  blended  as  to  appear  of  a 
dirty  ■white ;  were  the  coloora  na  pure  aa  those  painted  by 
nature,  there  can  be  no  doubt  but  that  the  appearance  would 
be  a  perfect  white.  But  the  most  convincing  proof  that  those 
ooloura  constitute  a  pure  white  ray  is  by  reuniting  them.  Thus 
if  the  coloured  rays  are  allowed  to  fall  upon  a  double  convex 
leos  J.  (fig,  212),  they  pass  through  it  and  cunverge  to  a  focus, 


Fig.  212. 

when  they  appear  as  a  white  ray  the  same  aa  before  passing 
through  the  prism.  The  ray  a  entering  the  hole  in  the  shutter 
falls  upon  the  pdsm  p,  and  is  separated  into  the  seven  colours 
c,  which  passing  through  the  leaa  t,  unite  in  a  white  ray  at 
the  focus  p.  Thus  ia  the  ray  separated  and  again  joined  into 
its  former  body. 

The  solar  or  prismatic  spectrum  is  only  at  particular  parts 
virid  as  to  each  distinctive  colour,  for  they  mingle  and  blend 
the  one  into  another  in  such  a  manner  as  to  render  it  im- 
possible to  say  where  each  begins  or  ends.  The  seven  colours 
have  been  named  primary,  it  being  believed  that  they  are 
mmple  or  homogeneous,  espedally  as  when  reflected  through 
another  prism  they  retain  their  individuality.  Artists,  never- 
thelesB,  have  proved  that  red,  blue,  and  yellow  wiU  alone  form 
ollthe  tinis  of  the  prismatic  spoctrum;  auppoaing  that  the  other 
colours  were  heterogeneous,  or  compounds.   StiUrOS  the  colours' 
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refracted  could  not  be  analysed  into  others  than  they  appeared, 
a  difficulty  existed  that  prevented  the  fact  being  established 
of  their  not  being  primary  colours.  Many  have  been  the  ex- 
periments made  by  seienti^c  persons  tosolve  this  question  satis- 
factorily ;  and  Sir  David  Brewster  and  others  have  concurred 
in  the  opinions  of  Mr.  Hay  of  Edinburgh,  as  expressed  in  his 
work  on  the  *  Laws  of  Harmonious  Colouring.'  Mr;  Hay  states 
that  he  could  not  by  analysis  prove  that  there  were  only  three 
colours,  but  that  he  succeeded  in  proving  it  to  his  own  satis- 
faction, synthetically,  in  the  following  manner : — 

"  After  having  tried  every  colour  in  succession,  and  finding 
that  none  of  them  could  be  separated  into  two,  I  next  made  a 
hole  in  the  first  screen  in  the  centre  of  the  blue  of  the  spectrum, 
and  another  in  that  of  the  red ;  I  had  thereby  a  spot  of  each 
of  these  colours  upon  a  second  screen.  I  then,  by  means  <rf 
another  prism,  directed  the  blue  spot  to  the  same  part  of  the 
second  screen  on  which  the  red  appeared,  where  they  united 
and  produced  a  violet  as  pure  and  intense  as  that  of  the 
spectrum.  I  did  the  same  with  the  blue  and  yellow,  and 
produced  the  prismatic  green ;  as  also  with  the  red  and  yellow, 
and  orange  was  the  result.  I  tried,  in  the  same  manner,  to 
mix  a  simple  with  what  I  thought  a  compound  colour,  but 
they  did  not  unite ;  for  no  sooner  was  the  red  spot  thrown 
upon  the  green  than  it  disappeared. 

"  I  tried  the  same  experiment  with  two  spectra,  the  one 
behind,  and  of  course  a  little  above  the  other,  and  passed  a 
spot  of  each  colour  successively  over  the  spectrum  which  was 
furthest  from  the  window,  and  the  same  result  occurred.  It 
therefore  appeared  to  me  that  these  three  colours  had  an 
affinity  to  one  aliother  that  did  not  exist  in  the  others,  and 
that  they  could  not  be  the  same  in  every  respect  except  colour 
and  rejfrangibility,  as  had  hitherto  been  taught." 

The  three  homogeneous  colours,  yellow,  red,  and  blue, 
have  been  proved  by  Field,  in  the  most  satisfactory  manner, 
to  be  in  numerical  proportional  power  as  follows: — ^yellow, 
three ;  red,  five ;  and  blue,  eight.  When  these  three  colours 
are  reflected  from  any  opake  body  in  these  proportions,  white 
is  produced.  They  are  then  in  an  active  state,  but  each  is 
neutralized  by  the  relative  effect  that  the  others  have  upon  it. 
When  they  are  absorbed  they  are  in  a  passive  state,  and  black 
in  the  result.    When  transmitted  through  any  transparent 
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_^S  the  effect  is  the  same ;  but  in  the  firnt  case  they  are 
mtttMial  or  inherent,  and  in  the  second  impalpable  or  transient. 
Colour,  therefore,  depends  entirely  on  the  reflective  or  refi-ac- 
tire  power  of  bodies,  as  the  transmiasion  or  reflexion  of  sound 
doee  upon  their  vibratory  powers. 

If  a  delicate  thermometer  he  placed  in  different  parts  of  a 
pnematie  spectrum,  the  Tiolet  rays  indicate  the  least  heat,  but 
the  mercury  gradually  rises  as  wo  descend  downwards,  the 
red  having  the  most ;.  passing  below  the  red  ray,  it  was  found 
a  greater  degree  of  heat  exii^ted,  and  that  in  that  part  there  ia 
K  ray  whioh  is  invisible ;  this  has  been  named  the  calorific  or 
heating  ray.  Led  &om  this  circumstance  to  expetiments  above 
the  Tiolet  ray,  another  invisible  ray  was  discovered  to  exist, 
with  less  heat,  but  possessing  the  property  of  changing  the 
chloride  of  silver  from  white  to  black,  and  gum  guaiacum  &om 
yellow  to  green ;  this  is  termed  the  chemical  or  actinic  ray, 
the  rays  between  these  invisible  ones  being  denominated  the 
colouring  or  colorific  rays.  Now  if  a  body  giving  out  these 
invisible  rays  that  are  less  bent  than  the  red  ones  of  the 
Bpootrum,  be  much  heated,  ite  rays  may  be  as  much  bent  as 
the  red  ones,  and  may  then  be  seen,  the  radiatiug  body  being 
red-hot.  More  heat  apphed  causes  yellow  rays  to  be  aeon, 
and  ultimately  the  whole  of  the  colours  as  white  heat ;  thus 
some  writers  have  come  to  the  conelnsion  that  heat  is  invisible 
light,  and  light  visible  heat. 

It  has  been  found  that  beyond  the  visible  spectrum  in  both 
directiens  there  are  rays  which  excite  no  impression  of  light. 
Those  at  the  red  end  excite  heat ;  and  the  reason  why  they 
foil  to  excite  light  probably  is  that  they  never  reach  the  retina 
of  the  eye.  To  show  this,  a  thermo-electric  pile  was  placed 
Bear  the  red  end  of  the  spectrum,  but  still  outside  of  it ;  the 
needle  of  a  large  galvanometer  connected  with  the  pile  was 
deflected,  and  came  to  rest  in  a  position  about  45  degrees 
fjrom  lero.  The  transparent  humours  of  the  eye  of  an  ox 
were  now  placed  in  the  path  of  the  rays ;  the  light  of  the 
spectrum  was  not  perceptibly  diminished,  but  the  needle  of 
iiiA  galvanometer  fell  to  zero  ;  thus  proving  that  the  obscure 
rays  of  the  spectrum,  to  which  the  galvauometric  deflection 
vu  due,  were  wholly  absorbed  by  the  humours  of  the  eye. 
For  this  discovery  we  are  indebted  to  Sir  William  Eerschel. 

To  prove  this  experimentally,  take  an  opake  screen  j  " 


biUf  «n  inch  in  diameter ;  directly  opposite  to  vluA 
hot  iron  Wl,  o  a.  thenno-pile  in  connexion  with  a 
meter ;  the  rays  of  heat  from  t  will  pass  ihroo^  the 
c,  and  foiling  on  tlie  pik  s  will  deflect  the  galranomcter.  9 
an  ox-eye  be  now  adjostcd  to  and  accorately  fill  ap  the  apertnie 
c.  no  heat  wiU  pass,  and  the  galTanometer  remains  ^tationaiTf 
thiu  proving  that  the  aqocous  and  ritreona  htu&oaiB  of  m 
eye  oppose  the  passage  of  the  raya  (^  obscure  heat. 

Jlieory  of  the  Say  of  Light. 

The  ondulatory  hypothesis  accounts  for  the  different^- 
coloored  rays  of  the  solar  Bpectrum,  by  snppoeing  difTerenea 
in  the  freqnency  of  the  vibrations.  The  rajs  of  Kglit  we 
supposed  capable  of  vibrating  in  waves  of  different  lengtiu; 
the  shortest  waves  prodnce  violet  light,  the  longest  red.  Vbt 
impression  of  the  different  colonrs  arises  prf<cisely  as  ttvst  ot 
the  different  sonnds  in  air  ;  the  shorteef  wave  in  sound  gj'vw 
the  highoei  note. 

With  such  precision  have  some  of  the  more  eomplex  pbeno^ 
mena  of  light  been  studied,  that  raathematidana  have  tlbto- 
Intely  been  able  to  calculate  the  nnmbor  of  vibrationB  fyi 
ether)  neccasairto  produce  an  impression  of  white  or  coloond 
light. 

The  periodical  movements  of  the  medium  in  white  li^t 
regularly  recur  at  equal  intervals,  five  hundred  miUions  rf 
millions  of  times  in  a  second  of  time — 1,000 .000. 000 ,000  X 
500 ;  in  the  sensation  of  redness,  oar  eyes  are  affeeted  foor 
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1  and  eighty-two  millions  of  millions  of  times 
10,000,000,000x48;^;  of  yellowness,  five  hundred  t 
forty-two  milHons  of  millions— 1,000,000,000,000x542; 
violet,  Beren  hundred  and  seven  millions  of  millions 
1,000,000,000,000  X  707. 
■  Sir  John  Heraehel  [lives  the  following  as  the  length  and  " 
rapidity  of  the  coloured  rays  of  the  spectrum : — 


Lfflgtiioflumi- 

NumbCTof 

N     bn        dul   ■      1 

Bed.    .    .    . 

0000256 

39180 

477iailU(niBofiniIlioii8, 

-0O00240 

41610 

506 

Yellow. 

■0000237 

440O0 

535 

Green  . 

■0000211 

47460 

577 

BIhp     . 

■0000196 

61110 

622 

■(MXX)185 

54070 

658 

Violet  . 

■0000174 

57490 

Taking,  therefore,  the  ratio  of  the  estrerae  vibrationa,  we 
jnay  say,  the  sensibility  of  the  eye  has  ite  limits  within  a  minor 
sixth,  while  that  of  the  ear  reaches  an  octave. 

How  seldom  do  wo  think,  as  wo  gaze  on  the  flowers  com- 
posing a  bouquet,  and  inhale  their  fragrance  which  fills  the 
anrrounding  air,  that  in  order  to  distinguish  the  yellow  tint  of 
the  laburnum,  five  hundred  and  forty-two  millions  of  millions 
of  vibrations  must  occur ;  that  the  ruby  fuchsia  requires  the 
eyes  to  receive  four  hundred  and  eighty-two  millions  of 
millions  of  undulations  in  a  second ;  that  the  violet's  tint  is 
only  distinguishable  when  seven  hundred  and  seven  millions 
of  milliona  of  vibrations  have  penetrated  to  the  retina ! 

What  marvellone  mechanism,  then,  must  pervade  nature, 
mnce  we  can  see  in  the  momentary  flashing  of  the  eye  the  in- 
numerable and  varying  huta  with  which  the  earth  is  carp 
the  birds  gorgeously  plumed,  and  the  slightest  variation  ii 
races  of  animals  and  the  features  of  man  ! 

FravnJw fir's  Bands. 
Certain  dark  tines  or  bands  are  observed  on  the  spectrum, 
which  are  supposed  to  be  owing  to  the  fact  of  the  solar  at- 
mosphere having  the  property  of  absorbing  particular  portions 
of  the  rays  of  light.   Theao  lices,  which  are  called  Fraunhofor's, 


aftor  th(-ir  discoTerer,  an  somevhere  tbont  600  in  n 
They  do  not  follow  oacfa  other  with  any  degrei 
bat  the  same  poattiiiii  is  alwap  retaiiK^  in  the  same  kind  c< 
light :  bat  thcjr  difier  in  toe,  mnnber  and  arrangement,  ia 
light  obtiini'd  from  diffi-rent  soduks  ;  hence  it  would  appear 
that  evt-'Fj-  luminous  body  has  a  system  of  light  pMal^  to 
itself.  ThL«i-  dark  lines  in  the  speccmm  were  used  by  Fraim< 
hofer  for  actwately  measuring  the  refraction,  the  breadths  of 
the  individual  colours,  and  the  intensity  of  the  light  of  laminona 
bodies.  Acrording  to  Fraanhol'er's  measurement,  the  relative 
intensities  of  the  light  of  th  e  different  portions  of  the  spectnim 
expressed  numerically  the  luminous  intensity  of  the  extreme 
red  niy  to  be  32 ;  of  the  middle  ray  of  that  colour,  94 ;  of 
oraiige,  &40 ;  between  yellow  and  orange,  1000  :  green,  ^0; 
bine,  170 ;  dai^  bloe  (indigo),  31 ;  violet,  from  5  to  6. 

SatuT4  o/tfie  Stm'g  Ray. 

Professor  Hunt,  who  has  devoted  mueh  time  to  the  inveeti' 
gation  of  the  infinence  of  the  solar  rays,  sajs,  "We  haw 
been  hitherto  led  to  regard  the  sun's  rays  as  conKJstJng  eaSHh- 
tialty  of  light  and  heat ;  and  these,  indeed,  were  common^ 
considered  as  modifications  of  one  power.  Mellon!  has,  how- 
ever, shown  that  plates  of  obsidian  and  black  mica,  which  da 
not  admit  of  the  permeation  of  light,  are  freely  penetrated  by 
heat ;  and,  on  the  contrary,  that  a  glass  stained  green  by  oxide 
of  copper,  which  offers  scarcely  any  obstmetion  to  light,  will 
scarcely  allow  of  the  passage  of  any  heat-rays.  In  this  way 
it  is  distinctly  shown  that  the  physical  conditionB  of  these 
forces  are  essentially  different ;  and,  in  a  similar  majmer,  us 
may  entirely  obstruct  the  chemical  agency  by  the  nae  of  ft 
yellow  glass,  while  a  blue  medium,  which  obstructs  nearly  aH 
the  Ught,  admits  of  the  free  passage  of  the  chemical  i&dia- 
tiona. 

*'  In  this  manner  we  are  made  acquainted  with  the  exist- 
ence of  certainly  three  physical  agents  in  the  solar  beams — 
light,  heat,  and  actinism,  aa  the  chemical  power  is  called. 
Their  existence  may  be  shown  in  the  following  manner: — If 
we  pass  a  simbeara  through  a  glass  prism,  we  get  a  coloured 
luminous  image,  a  (flg.  214),  consisting  of  seven  chromatia 
bands.  If  we  throw  the  same  image  upon  black  paper  washed 
with  ether,  an  image  rapidly  dries  in  the  forms  shown  in  I, 
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which  represents  the  heat's  rays,  and  proves  the  existence  of 
calorific  rays,  which  are  entirely  without  light;  and  if  we 
throw  the  same  ima;^  on  paper  covered  with  the  chloride  of 
ailrer,  it  is  blackened  in  the  manner  shown  at  e,  in  whii^  the 
moat  decided  chemical  change  is  observed  to  take  place  beyond 
tlio  violet  ray,  where  there  is  no  Ught ;  and  that  in  the  ydlow 
ray,  where  the  light  is  at  its  greatest  intensity,  no  chemical 
change  in  produced.  The  curvifd  lines  <i  show  the  relative 
points  of  mH-riiniiin  influence  in  the  solar  si)ectrum  for  ead) 
power, 

■■  From  all  the  phenomena  which  these  solar  powers  exhibit, 
it  ia  e\*ident  that  they  exist  in  a  state  of  antagonism,  and  one 
is  sometimes  in  a  state  of  superior  activity  compared  willi 
another.  Seeds  require  an  excess  of  actinism  to  germinate ; 
and  they  will  not  germinate  in  Ught  from  whith  the  actinio 
power  is  separated.  After  the  leaves  are  formed,  a  larga 
amount  of  light  than  of  actinism  is  nceessaiy  to  produce  liat 
excitation  of  the  cellular  system  of  the  plant  by  which  carbon 
is  aeparated  from  carbonic  acid,  and  wood  produced.  Agw% 
the  full  development  of  the  reproductive  system  of  the  ^aisi, 
its  iJowering  and  fruiting,  depends  upon  an  influence  which  is 
more  closely  connected  with  the  thermic  power  of  the  sun'a 
rays,  than  on  either  light  or  actinism.  A  very  curious  seritt 
of  experiments  has  been  made  to  prove  that  seeds  will  not 
germinate  in  pure  light.  Plants  will  not  form  wood  in  nn- 
mixed  actinic  radiations,  nor  will  they  flower  in  either  light  or 
actinism  separated  from  the  heat-rays.  It  has  also  been 
found  that  the  relative  proportions  of  light,  heat,  and  actiniBB 
vaiy  in  the  seasons  of  spring,  sammer,  and  autumn,  which  JB 
in  exact  accordance  with  the  resulte  obtained  by  experiment. 

"  Thus  so  beautiihlty  has  nature  disposed  of  tho  constdtutiiiB 
of  the  solar  beams,  that  these  antagonistic  powers  aro  balnncad 
one  against  the  other  in  exact  accordance  with  the  reqnin* 
ments  of  organic  nature.  It  has  been  discovered  that  flu 
proportions  of  these  principles  are  diifereut  in  various  parts  of 
the  globe ;  light  and  heat  being  at  a  maximum  at  tho  equated 
and  diminishing  towards  the  poles :  whereas  actinism  is  at  itl 
minimum  at  tho  equator,  and  arrives  at  its  maximum  in  the 
temperate  siones.  This  fact  explains  tho  cause  obviously  of  the 
gigantic  vegetation  of  the  tropics,  and  the  gradual  dwaj'fuig  of 
plants  as  we  proceed  towards  the  pole. 
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"Indeed,  it  may  be  proved  by  simple  experiments  that  the 
Hi's  rays  eaanirt  fall  npon  any  body,  whether  it  be  of  metal, 
'  of  wood,  of  stone,  or  of  glass,  withont  producing  a  distnrbance, 
either  molecular  or  chemical,  on.  ite  surface ;  also  that  all 
bodies  in  nature  have  the  power  of  lestoring  themselves  durii^ 
the  hours  of  darkncBa  to  the  state  they  were  in  previous  to  the 
Bolar  disturbance.  May  we  not  hence  infer  that  darkness  is 
ss  necessary  tfl  the  inorganic  oody,  as  night  and  sleep  to  living 
and  breathing  beings ?  These  researches,  which  have  arisen 
from  the  discovery  of  photography,  have  already  led  to  the 
elncitlation  of  many  mysteries  connected  with  the  great  phe- 
nomena of  nature ;  and  the  discovery  of  the  new  element 
actinism  promises  to  lead  us  rapidly  forward  in  our  examina- 
tions of  the  secret  powers  of  creation." 

Colours  of  Bodies. 
It  is  now  a  generally  received  opinion,  that  different  bodieSj 
according  to  the  manner  in  which  their  minute  particles  aro 
arranged,  have  the  power  of  variously  absorbing  and  reflecting 
the  rays  of  light ;  and  that  on  the  proportions  of  the  rays 
absorbed  and  reflected  docs  the  colour  depend,  and  that  it  is 
not  a  part  of  the  object  itself.  Herbage  appears  to  absorb  all 
portions  of  the  ray  except  greea ;  this  it  reflects,  therefore 
herbage  seems  to  the  eye  of  a  green  colour.  A  hoartseaae 
Offers  in  texture  when  its  flowers  vary  in  colour.  A  poppy 
appears  scarlet,  aa  it  absorbs  all  the  colours  of  the  rays  except 
red,  and  hence  its  peculiar  tint ;  but  if  it  be  held  under  green 
glass  it  will  appear  black,  as  the  poppy  only  reflects  the  red 
ray  which  the  green  glass  absorbs.  The  red  of  the  rose,  the 
blue  of  the  violet,  the  yollow  of  the  jonquil,  are  owing  to  their 
absorlnng  all  the  rays  excepting  the  red,  blue,  and  ydlow.  A 
white  colour  is  the  reflexion  of  all  the  rays ;  a  black  is  eansed 
by  their  entire  alMorplion,  The  palely  tinted  rose,  almost 
white,  reflects  nearly  all  the  coloured  rays.  Without  light, 
the  face  of  nature  would  be  that  of  a  world  in  mourning ;  it  Is 
light  that  enlivens  the  scene,  painting  the  exterior  with  a 
heanty,  richness,  delicacy,  and  harmony,  that  man  vainly 
attempts  to  rival. 
^^  Colour  is  Bo  dependent  on  Ught,  that  when  artdficiaUy  pro- 
8  by  candle  or  gas,  from  not  being  so  pure  as  the  rays 
m,  many  things  appear  of  a  different  colour,  as  is  wall 
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known  bj  the  lady  wiio  chooses  a  ribbon,  or  tiie  artist  wbo 
attempts  to  paint  a  picture  by  artificial  li|^t ;  a  Uue  being 
mistaken  for  a  green,  and  a  green  for  a  blue.  Thns  sometunes 
an  artist  has  been  surprised  to  find  he  has  made  the  sky  green 
and  the  grass  blue.  On  a  moonlight  evening  we  cannot  di- 
stinggiah  the  colour  of  a  chimney-pot ;  and  were  we  to  take 
a  number  of  pieces  of  different  coloured  papers,  examine  them 
by  the  bright  light  of  the  moon,  and  write  on  the  back  of  each 
the  colour  it  appears,  we  should  be  astonished  in  daylight  to 
see  how  much  we  had  been  deceived  as  to  the  true  tint  of  eacL 
If  vermilion,  powder-blue,  and  light  chrome-yellow  be  inti- 
mately mixed,  without  rubbing,  and  the  powder  be  allowed  to 
fall  in  a  stream  in  the  sunshine,  it  will  appear  white. 

If  the  top  of  a  humming  or  peg-top  be  painted  with  red, 
blue,  and  yellow,  and  it  be  made  to  spin  with  velocity,  the 
colours  will  be  lost  to  the  sight,  and  a  white  be  seen,  if  the 
colours  be  proportioned  in  the  manner  heretofore  described. 

There  have  been  persons  of  defective  vision  who  could  nol 
distinguish  particular  colours.  Dr.  Darwin,  the  poet  and 
botanist,  could  only  by  shape  discover  the  difference  between 
a  cherry  and  the  leaves  among  which  it  grew.  Dr.  Daltcm, 
the  celebrated  chemist,  was  similarly  afflicted.  There  was 
also  a  family  at  York  who  had  this  peculiar  defect  of  colour- 
blindness hereditarily. 

Sometimes  a  body  will  transmit  one  kind  of  colour  but  reflect 
another ;  thus  there  is  glass  that  transmits  orange  but  reflects 
green.  Again,  it  may  be  observed  that  some  colours  will  only 
be  observable  if  the  material  be  of  a  certain  thickness,  beyond 
which  all  colour  is  lost,  and  blackness  only  to  be  seen.  Leaf- 
gold  transmits  yellow,  but  reflects  a  greenish  blue. 

Sir  Isaac  Newton  found  that  different  colours  required  dif- 
ferent distances  to  bring  them  to  a  focus.  He  placed  two 
candles  at  about  twice  the  focal  length  from  a  double-convex 
lens  L  (fig.  215),  interrupting  the  light  by  a  piece  of  red  and 
blue  glass  b  b,  when  it  was  found  that  the  images  b  b,  b  b  on 
the  screen  s  partook  of  the  colours  of  the  glass  employed.  By 
placing  another  screen  n  nearer  to  the  lens,  then  the  red  figure 
was  perfect  on  n ;  thus  the  focus  for  different  colours  was 
found  to  be  at  different  distances  from  the  lens,  and  the  images 
were  more  distinct  with  coloured  glasses  than  without.  Thus 
it  is  that  we  are  able  to  read  a  blue  or  red  bill  through  a 
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■0  easily  than  a  white  bill,  and  Lave  to  lengthe 
the  telescope  more  to  read  a  red  hill  than  a  blue  one. 


Fig.  215. 

From  experiments  as  to  the  power  of  distinguishing  objeo 
at  a  distance,  it  has  been  found  that  white  objects  on  a  b' 
ground  are  more  readily  perceived  than  block  objects  on  a 
■white  ground.     This  subject  in  tune  of  war  haa  engaged  at- 
tention, in  so  far  as  it  concerns  th«  best  colour  for  the  clothea 
of  soldiery,  and  it  has  been  decided  that  the  least  visible  is 
light  grey.     Colonel  Dei-inzy  states,  that  on  the  day  before  tl 
battle  of  Vittoria,  a  Portuguese  rifle  company  dressed  in  eartl  _ 
brown,  and  a  company  of  British  Fusiliers  dressed  in  red,  wer 
equally  exposed  in  an  undertaking  to  dislodge  the  Frenc' 
ftwtt  a  hri%e,  and  that  aftor  the  skirmish  the  relative  loss 
were  as  two  of  the  British  to  one  of  the  Portugucs       "" 
danger  arising  from  the  colour  of  dress  is  in  something  of  tl 
ratia, — l8t,red;  2nd,  green;  3rd,  brown;  4th,  light  g 

The  Rainbow. 

That  majestic  and  glorious  sign  in  the  heavens,  the  rainbow^  * 
is  caused  by  the  rofraetion  and  division  of  the  rays  of  light 
into  their  prismatic  colours,  by  means  of  drops  of  rain  which 
act  as  so  many  prisms.  Rainbows  can  only  be  seen  decorating 
the  vault  of  heaven  when  rain  is  falling  opposite  to  the  sun 
and  the  eye ;  the  violet  ja  the  colour  of  the  inner  arch,  which 
ia  encircled  by  indigo,  blue,  green,  yellow,  orange,  and  finally 
by  red. — in  feet,  is  a  large  solar  s-pectmm  in  the  form  of  part 
of  a  circle.  The  red  rays  make  an  angle  with  the  rays  o"  " 
son  of  42°  2',  the  violet  raja  40°  17',  and  the  other  coloui 
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rays  are  between  these;  thus  then  the  difference  betwemi 
42?  2"  and  40''  r  being  l""  45',  that  must  be  the  breadth  of  the 
rainbow.  The  inner  or  violet  line  forms  part  of  a  circle  whose 
somidiameter  is  41°,  and  its  situation  varies  according  to  tibe 
height  of  the  sun :  the  higher  the  sun,  the  lower  the  rainbow. 

K<;  (2  (fig.  216)  be  two  drops  of  water  aadss  rays  of  the  son 
incident  upon  each 
of     them,    those 
.which  enter  near 
their    centre  will 
be  refracted  to  a 
focus,     as     in    a 
sphere    of    glass.       ^^ 
But    those  which  ^^t' 
enter     above     or 
below  will  at  once  Fig.  216. 

su£Eer  dispersive  refraction;  and  striking  against  the  back 
of  the  drop,  at  a  certain  angle,  they  are  reflected,  and  issue 
^m  the  front.  At  the  point  of  emergence  they  are  refracted 
a  second  time,  and  suffer  prismatic  dispersion,  when  the  red 
ray,  as  being  the  least  refrangible,  takes  the  lowest  direction, 
and  the  violet,  having  the  greatest  refrangibility,  takes  the 
highest.  If  we  suppose  we  have  been  speaking  of  the  drop  (?, 
at  a  certain  distance  below  it  let  d  represent  a  similcu:  drop. 
The  same  refraction  and  production  of  the  prismatic  colours 
will  happen  in  this  second  drop  d  as  in  c,  and  at  some  point/ 
the  red  ray  of  the  upper  drop  will  intersect  the  violet  ray  of 
the  lower.  Suppose  a  spectator  to  stand  so  that  his  eye  shall 
be  at/,  then  from  the  upper  drop  he  will  see  red  light,  from 
the  lower  one  violet,  and  from  the  intervening  drops  betweea 
these  two  extremes  he  will  see  the  intermediate  prismatic 
colours,  and  consequently  between  c  and  d  he  will  see  a  perfect 
spectrum. 

In  a  and  h  the  rays  s  s  enter  the  drops  of  rain  at  the  lower 
part,  where  they  receive  their  first  refraction,  at  the  lower 
part  of  the  back  of  the  drops  their  first  reflexion,  and  at  the 
upper  part  of  the  back  their  second  reflexion,  and  lastly,  their 
second  refraction  and  inverted  prismatic  dispersion  at  the 
points  of  emergence  from  the  drops ;  in  this  case  the  violet 
ray,  as  being  that  portion  of  light  which  is  most  strongly 
refracted,  takes  the  lowest  path,  and  the  red  ray,  as  being  the 
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least  so,  takes  the  highegt;  this  then  is  in  inverse  order  ta  tlu 
drops  «</.  An  eye,  therefore,  at  /  receiving  the  rays  from 
and  b  at  thoii'  point  of  intersection,  in  the  drop  a  will  see  tt: 
violet  ray,  and  in  b  the  red  ray,  and  in  the  intervening  raya 
between  a  and  b  the  other  prismatic  colours,  so  that  between 
a  and  b  there  will  be  a  complete  spectrum,  whose  lower 
extremity  is  red  and  the  upper  violet.  This  rainbow  having 
a  half  diameter  of  54°,  it  is  sometimes  observed  without  the 
other  one,  which  only  appears  to  a,  person  on  a  plane  when 
the  Bun  ia  within  41°  of  the  homon.  The  rainbows  above 
waterfalls,  and  the  halos  that  sometimea  surround  the  sun 
and  the  moon,  are  produced  from'  tho  mist  in  the  atmo- 
sphere, and  are  referred  to  the  same  principle  as  drops  of  raia. 
creating  the  great  and  moro  intense  rainbow  which  we  have 
been  describing. 

A  portion  of  a  rainbow  greater  than  a  semicircle  can  only 
be  seen  when  the  observer  is  so  situated  as  to  have  tho 
below  him ;  thus,  for  instance,  if  he  be  on  a  high  mountain 
as  arc  beeumes  visible  proportioned  to  his  elevation ;  a  com- 
jJete  circle  of  a  rainbowmaybe  seon  in  the  spray  of  a  cataract 
y  Ihe  spectator  be  sufficiently  elevaied  above  the  horizon.  It 
will  have  strack  the  reader  that  each  beholder  sees  a  different 
rainbow,  every  drop  of  rain  being  viewed  differently,  or 
different  drops  only  producing  tho  beautiful  vision  according 
aa  the  spectatflr  may  be  situated. 

The  Eye.  \ 

The  ^0— that  index  of  the  soul,  that  channel  of  human 
fenowledge — conjures  up  a  host  of  feelings  when  the  mind  is 
directed  to  it  as  an  object  of  special  attention.     The  babe 
watches  the  rays  of  affection  that  beam  from  the  maternal 
qre  in  sympathetic  love  and  deligbt.    The  youth  forms  his 
ideas  of  those  around  hira,  and  endeavours  to  divine  truth  ia   ■ 
language,  by  watching  the  unoontroUabte  expression  of  the  eye  I 
of  those  addressing  tho  ear.     The  universal  and  irresistible 
feeling  of  reciprocal  affection  between  tho  opposite  sexes  needs 
DO  other  language  than  that  expressed  by  the  eye.     Revenge 
and  surprise,  hatred  and  pity,  joy  and  grief,  all  have  distinct- 
ive and  powerfiilly  portrayed  character  in  the  eye.     In  infancy 
it  is  peered  into  as  the  symbol  of  the  activity  of  the  vital    ' 
principle ;  in  illness  its  look  indicates  the  liody's  approacih  to  I 


I 
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health  or  accumulation  of  disease;  while  in  age  the  glazing 
over  of  the  eye  announces  the  close  of  all  mortal  feelings, 
and  the  flight  of  the  soul  to  the  judgment-seat  of  the  divine 
Contriver  of  the  beauties  and  wonders  of  the  organization  of 
man. 

In  its  external  appearance,  what  magnificence  there  is  in 
the  orb  itself!  sparkling  as  a  diamond,  the  coloured  parts 
varying  in  size  with  the  amount  of  light ;  the  exquisite  little 
miniature  of  another  being,  or  miles  of  variegated  scenery 
pictured  with  a  truthfulness  belonging  only  to  nature's  pendl ; 
a  frame  of  bone  protecting  it  from  accidents ;  an  arch  of  hair 
to  ease  a  blow  on  the  bone  and  turn  the  course  of  the  "  sweat 
of  the  brow  ;"  then  the  eyelash  catching  the  minute  partidefl 
of  dust,  and  the  eyelids  ever  active  in  saving  either  from 
danger  or  injury  the  mirror  underneath,  and  polishing  and 
moistening  the  brilliant  orb ;  while  the  motion  of  the  adjoining 
parts  is  instigated  by  the  emotions  of  the  bosom,  and  gives  out* 
wards  signs  of  the  secret  and  hidden  feelings  within. 

The  eye  is  the  perfection  of  optical  instruments,  no  effort  (rf 
art  being   able  to  form  a 
lens  to  refract  the  rays  of 
light  with  the  excellence  of 
that  possessed  by  the  eye. 

The  globe-like  object  (fig. 
217)  is  a  representation  of 
a  section  of  the  human  eye- 
ball a  little  above  its  usual 
size.  Its  mechanism  is  truly 
surprising,  although  simple; 
and  it  is  formed  in  some 
essential  particulars  like 
the  camera  obscura.  The 
strong  covering  ss  is  the 
part  that  appears  white,  and  is  named  the  sclerotica,  or  scle- 
rotic coat,  from  its  being  a  hard,  tough,  rigid  and  inelastic 
membrane  of  an  interwoven  fibrous  texture.  The  window 
which  admits  the  light  is  bowed  out,  h  h,  and  called  the  cornea, 
from  being,  when  dried,  like  fine  horn,  very  transparent.  In 
shape  it  is  part  of  a  segment  of  a  smaller  sphere  than  the  eye- 
ball itself.  Nearly  the  whole  of  the  eyeball  is  covered  on  its 
external  surface  by  a  highly  vascular  and  delicate  membrane 


known  as  tho  conjunctiva ;  it  is  strong,  flexible,  and  dose  ii 
its  texturo.     The  outer  part  of  the  cornon  ia  oonvex  and  the  I 
jDiter  concave,  rather  thicker  in  the  middle  than  elsewhere.  . 
It  oonaiats  of  two  or  more  layers,  which  nre  Beparated  by  a  I 
£mpid  fluid.     This  fluid  increaaea  the  density,  and  thus  adds  I 
to  the  optical  effects  of  the  eyo ;  it  acts  as  a  lens  on  the  ray*  I 
of  light  entering  it.     ITie  second  mcmbrano  cc.ia  the  ehoroid, 
an  named  from  the  resemblance  of  its  outer  mirfaco  to  thw  I 
chorion,  a  membranous  investment  of  the  egg.     It  ia  a  thin  ' 
aoft  dark  brown  structure,  lining  nearly  the  whole  concave 
mrfiwe  of  tbo  sclerotic,  and  terminates  at  !!.     The  purpose  of 
tlus  dark  brown  is  to  render  the  body  of  tho  eyo  a  camera 
obscurii  or  dark  chamber.     The  colouring  m^itter  is  called  the 
p^imeatiim  nigrom,  from  being  of  a  darl;  colour  in  most 
.ammols.     .Juat  within  the  choroid  is  tho  central  opening  for 
the  adnuEsion  of  light  called  the  pnpil  ^i,  and  ia  bounded  by  a 
sharp  well-defined  circular  edge;  the  pupil  is  surrounded  by 
a  coloured  border  of  fibres  called  tho  iris  A  h,  which  acts  as  a 
flartaiu  to  admit  more  or  less  light  on  tho  pupil;  wbon  there 
IB  too  much  light  the  iris  contracts,  and  when  too  little  it 
dilates.     It  is  tho  action  of  this  part  that  is  examined  by 
medical  men,  as  when  not  susceptible  of  the  influence  of  light  J 
great  danger  ia  apprehended.     It  is  the  bcautifnl  variety  of  1 
colours  here  displayed  that  gives  tho  character  or  name  to  H 
eyes,  and  thus  is  derived  its  rainbow^  name  of  iris.     The  pupil, 
when  expanded,  will  admit  ten  times  the  amount  of  light  that 
it  does  when  contracted.     If  we  go  from  a  light  place  into  a, 
moderately  durk  one,  at  first  we  cannot  distinguish  any  thing ; 
for  the  pujiil  being  contracted,  a  suflidcnt  quaatity  of  rays  of   ' 
light  cannot  gain  admittance,  but  aa  it  dilates  we  gradually  j 
begin  to  perceive  objects.     If  we  go  out  of  darkness  into  a  1 
glare  of  light  tho  eye  ia  pained ;  for  tJio  pupU  being  dilated,  1 
too  much  light  ruahcs  in  before  it  ia  accommodated  to  tho  I 
quantity.     Behind  the  cornea  is  tho  aqueous  humour  r  r,  in.  I 
which  tho  iris  and  pupil  arc  immersed ;  it  resembles  water,  J 
and  is  perfectly  limpid,  but  holds  in  solution  minute  portions  V 
of  several  saline  ingredients ;  behind  this  is  tho  crystallineij 
lens  L  I.  It  is  formed  like,  and  performs  the  offices  of,  a  doiible—fl 
oonTex  lens ;  bnt  ia  not  equal  segments  of  sphcros,  the  froaiS 
bdng  somewhat  flatter  than  the  back  portion ;  it  is  the  mosfefl 
xeft&ctive  povet  in  the  eye.    It  is  about  the  sixth  of  an  inoha 
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in  UiickneaB*  and  about  twice  that  in  length.  The  sobstuioe 
is  arranged  somewhat  like  the  ooats  of  an  onion^  being  divided 
into  three  sections,  the  cleavage  planes  of  which  diverge  tnm. 
the  axis  of  the  lens  at  angles  ^  120  degrees.  In  compantioit 
it  resembles  the  white  of  egg,  and  coagulates  when  boilid* 
The  lens  is  enclosed  in  a  transparent  and  highly  elastic  mem- 
brane, marked  by  a  black  line  m,  which  shuts  in  a  very  small 
quantity  of  fluid  for  the  purpose  of  preserving  it  in  its  true 
and  useful  shape.  Its  important  function  is  to  refract  the  rays 
of  li^t,  which  it  does  in  a  manner  that  is  perfection  itself,  and 
causes  a  must  beautiful  and  perfect  image  of  external  objeetB 
to  be  formed  on  the  back  part  of  the  eye.  %onld  disease  pro- 
duce on  opacity  of  the  lens,  it  is  called  cataract ;  and  the  sur- 
geon, after  extracting  it,  su1)stitutea  a  double-convex  lens  ia 
the  shape  of  spectacles,  and  ^ght  is  regained.  The  spaee 
behind  the  lens  is  filled  with  a  humour  ir,  which  having  a 
supposed  resemblance  to  melted  glass  is  called  vitreous.  It  ii 
transparent,  of  a  jelly-like  consistency,  and  preserves  the 
spherical  shape  of  the  eye.  This  part  is  caUed  the  postezior 
chamber  of  the  eye,  and  that  portion  before  the  lens  the  ante- 
rior. The  substantial  coverings  of  the  eye  are  for  the  preserva- 
tion of  that  most  important  part,  n  n,  the  retina ;  the  optic 
nerve  enters  the  eye  at  o,  and  spreads  out  in  the  form  of  a  fine 
transparent  membrane  over  the  whole  of  the  concave  surface 
of  the  posterior  chamber,  thereby  forming  the  retina;  the 
outward  portion  of  which  resembles  the  matter  composing 
the  brain,  and  the  inner  part  a  most  delicate  web.  It  is  on 
this  that  the  images  are  thrown,  and  imprcasions  received  and 
conveyed  to  the  brain. 

The  ciliary  body  dd  ia  a  thin,  dark,  annular  band,  like  a 
frill  of  flat  outspreading  plaits,  which  encircle  but  do  not  reach 
to  the  circumference  of  the  lens.  The  front  is  attached  to  the 
cUiary  ligament^  and  to  a  small  portion  of  the  back  of  the  iris. 
This  has  recently  been  proved  to  be  a  muscular  body,  ex- 
erting great  influence  over  the  movements  of  the  iris.  It  is 
thickly  coated  and  pervaded  with  pigment,  except  at  the  ex- 
tremities of  about  seventy  minute  unattached  points  which 
fringe  the  inner  margin,  and  radiate  towards  the  lens  like  the 
florets  of  a  marigold  round  its  central  disc ;  these  are  called  the 
ciliary  processes,  and  form  a  bordering  around  the  winde>w 
part  of  the  eye. 


BTe  oan  see  nothing  bat  what  is  painted  on  the  hack  of  the 
I  of  the  eye ;  wonderful,  tlLen,  must  he  the  correctnesB 
and  minuteness  of  the  pictnre  there  impressed.  But  there  is 
another  fuot  which  we  have  not  yet  noticed,  which  is,  that 
eveiy  thing  is  there  represented  in  an  inverted  position,  The 
n^  of' light  from  the  arrow  arw  (fig.  21«)  fall  on  the  cornea 


of  the  eye,  between  r  and  n,  and  passing  tlirough  tho  pupil, 
lens,  and  humours,  will  converge  to  as  many  points  on  the 
retina,  and  there  fonn  a  distinct  inverted  picture  of  the  arrow 
wra;  because  the  pencil  of  mys  j s I  given  off  at  a  will  con- 
Tfilge  to  the  point  a  on  the  retina,  those  from  r  to  the  poiut 
r,  those  &om  w  to  the  point  to,  au-d  the  intermediate  jxtiuts  in 
tfaeflarac  manner,  by  which  means  the  perfect  picture  isformed, 
and  the  object  becomes  visible.  Now,  here  is  the  curious  paant, 
that  although  on  the  retina  the  picture  is  inverted,  yet  we  see 
objects  erect.  No  satisfactory  explanation  baa  yet  been  given 
of  this  phenomenon ;  some  writcrB  appear  to  iJiink  that  it  is 
the  sense  of  feeling,  which  from  uarlieat  infancy  we  practise, 
tiiat  eorroets  the  sense  of  sight,  and  leads  us  always  to  judge 
things  in  a  rei-erse  position  to  that  on  the  eye.  On  this  point, 
and  also  on  another  singularity  in  respect  to  tho  wonders  of 
vieton,  Br,  Amott  offers  the  following  philosophic  remarks : 
"  It  is  known  that  a  miin  with  wry-neck  judges  as  correctly  of 
HiB  position  of  the  oiijecta  around  him  as  any  other  person, 
never  deeming  them,  for  instance,  inclined  or  erooked,  because 
tJi^r  images  are  inclined  as  regnrds  the  natural  porpcnd!eulnr 
at  his  retina ;  and  that  a  bedridden  person,  obhged  hi  keep  the 
trod  upon  ^o  pillow,  soon  acfjuirca  the  faculty  of  the  penon 
^"^ij  wry-nock ;  and  that  boys  who  at  play  bend  down  to  look 
■  words  thro\igh  thoir  legs,  although  a  little  puzzled  at  Si  st, 
t2, 
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because  the  usual  position  of  the  images  on  the  retina  is  re- 
versed, soon  see  as  %\  ell  in  that  way  as  in  any  other.  It  appears, 
therefore,  that  while  the  mind  studies  the  form,  ecdonr,  &c  of 
external  objects  in  their  images  projected  on  the  retina,  it 
judges  of  their  position  by  the  direction  in  which  the  light 
comes  from  them  towards  the  eye,  no  more  deeming  an  object 
to  be  placed  low  bt^cause  its  image  may  be  low  in  the  eye, 
than  a  man  in  a  room  into  which  a  sunbeam  enters  by  a  hole 
in  the  window -shutter,  deems  the  sun  low  because  its  image 
is  on  the  floor.  A  candle  carried  past  a  keyhole  throws  its 
light  through  to  the  opposite  wall,  so  as  to  cause  the  luminous 
spot  there  to  move  in  a  direction  the  opposite  of  that  in  whidi 
the  candle  is  canied ;  but  a  child  is  very  young  who  has  not 
learned  to  judge  at  once  in  such  a  case  of  the  true  motion  of 
the  candle  by  the  opposite  apparent  motion  of  the  image.  A 
boatman,  who,  being  accustomed  to  his  oar,  can  direct  its 
point  against  any  object  with  great  certainty,  has  long  ceased 
to  reflect,  that  to  move  the  point  of  the  oar  in  some  one  direc- 
tion, his  hand  must  move  in  the  contrary  direction.  Now, 
the  seeing  things  upright,  by  images  which  are  inverted,  is  a 
phenomenon  akin  to  those  which  we  have  reviewed. 

"  Another  question  somewhat  allied  to  the  last  is,  why,  as 
we  have  two  eyes,  and  there  is  an  image  of  any  object  placed 
before  them  formed  in  each,  the  object  does  not  appear 
to  us  to  be  double  ?  In  answer  to  this,  again,  we  need  only 
to  state  the  simple  facts  of  the  case.  In  the  two  eyes  there 
are  corresponding  points,  such  that  when  a  similar  impression 
is  made  on  both,  the  sensation  or  vision  is  single ;  but  if  the 
least  disturbance  of  the  position  occur,  the  vision  becomes 
double.  And  the  eyes  aro  so  wonderfully  associated,  that 
from  the  earliest  inJfancy  they  constantly  move  in  perfect 
unison.  Ey  slightly  pressing  a  finger  on  the  ball  of  either 
eye,  so  as  to  prevent  its  following  the  motion  of  the  other, 
there  is  immediately  produced  double  vision;  and  tumours 
about  the  eye  often  have  the  same  effect.  Persons  who  squint 
have  always  double  vision;  but  they  acquire  the  power  of 
attending  to  the  sensation  of  one  eye  at  a  time.  Animals 
which  have  the  eyes  placed  on  opposite  sides  of  the  head,  so 
that  the  two  can  never  be  directed  to  the  same  point,  must 
have  in  a  more  remarkable  degree  the  faculty  of  thus  attending 
to  one  eye  at  a  time. 


"  The  corresponding  points  in  tho  two  eyes  are  equidiatan^  1 
and  in  similar  directions  from  the  centres  of  the  retma;,  called 
the  points  of  distinct  vision,  at  which  centres  the  imaginary 
tines  named  the  axes  of  tho  eyes  terminate  ;  and  it  is  worthy 
of  temark  that  these  points,  in  hoing  both  to  tho  right  or  both 
to  tho  left  of  the  centres,  must  be  one  of  them  on  the  inside  of 
&e  centre,  as  regards  the  nose,  and  the  other  on  the  outside. 
101611  the  two  eyes  are  directed  to  any  object,  their  oses  meet 
nt  it,  and  the  centres  of  the  two  rotinin  are  opposite  to  it,  and 
ftll  the  other  points  of  the  eyes  hare  perfect  mutual  corre-  J 
apondence  as  regards  that  object,  giving  the  sensation  of  singlo'l 
Tision ;  hut  the  images  formed  at  the  same  time  of  an  object  ■ 
nearer  to  or  fiirther  from  the  eye  than  the  first  eupposed^l 
eannot  fall  on  corresponding  points ;  for  an  object  nearer  than  J 
Trtiere  the  axes  meet  would  have  its  images  on  tho  outsides  offl 
the  eyes,  and  an  object  more  distant  would  have  its  images  onl 
the  insides  of  the  eyes,  iind  in  either  case  tho  vision  would  bo 
doable.     Thus  if  a  person  hold  the  two  forefingers  in  a  line 
from  his  eyes,  so  that  one  may  be  more  distant  than  tho  other, 
by  then  looking  at  the  nearest,  the  more  distant  will  appear 
double ;  and  by  looking  at  tho  more  distant,  the  nearer  will 
i^pear  double. 

"  The  reason  of  the  terra. '  point  of  distinct  vision,'  applied 
to  the  centre  of  the  retina,  is  discovered  at  once  by  looking 
at  a  printed  page,  and  observing  that  only  the  one  letter  toj 
which  tho  axis  of  the  eye  is  directed  is  distinctly  seen ;  sdfl 
that  although  the  wholo  page  be  depicted  on  tho  retina  &£■ 
once,  the  eye,  in  reading,  directa  its  centre  sucecssively  tvj 
every  part."  fl 

Dr.  Alison  is  of  opinion  "  that  the  harmony  between  th»l 
intimations  acquired  by  sight  and  by  touch,  as  the  rektivftl 
position  of  objects  or  their  parta,  notwithstanding  that  the 
nnpressions  made  by  them  on  the  external  objects  of  sight  and 
of  touch  arc  arranged  inversely  in  regard  to  one  another, 
arises  from  tho  course  of  tho  optic  nerves  and  tmctus  optiei, 
whereby  impressions  on  the  upper  port  of  the  retina  arc  in 
feet  impressions  on  the  lower  part  of  the  optic  lobes— that  is  to 
say,  of  the  sensoriura — and  impressions  on  the  outer  part  of  thi> 
ntina  are,  in  like  manner,  on  the  inner  part  of  tho  sensorium  ."^ 

On  this  interesting  subject  many  theories  are  advanced  h^J 
thoBo  whose  opinions  deserve  notice.     Kepler  considered  di^H 
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objectB  appeared  eroet.  from  the  nind  perceaving  the  impolfle 
of  a  ray  on  the  lower  part  of  the  retina,  and  he  oooMTeB  tUs 
ray  to  be  directed  from  a  hi^er  part  of  the  object,  and  wtf 

Porterfield  is  of  opinion  that  the  mind  ne^er  seee  the  pie- 
ture  painted  on  the  retina,  and  therefore  never  thus  jndgOB  of 
the  object ;  and  that  in  seeing  any  object,  the  mind,  by  Tirtue 
of  a  connate  immutable  law,  traces  bac^  its  own  sensatiaa 
from  the  sensonum  to  the  retina,  and  from  thence  oatwarda, 
along  right  lines  drawn  perpendicularly  from  every  point  of 
the  retina  on  which  any  impression  is  made  by  the  rays  foiming 
the  picture  towards  the  object  itself,  by  which  means  the  mind 
always  sees  every  point  of  the  object,  not  in  the  sensoiium  or 
retina,  but  \i'ithout  the  eye,  in  these  perpendicular  lines.  Bat 
these  lines  nearly  coincide  with  the  axes  of  the  several  peneife 
of  rays  that  flow  \xi  the  eye  from  the  several  points  of  tiie 
object;  and  since  the  mind  has  also  the  power  of  jndging 
rightly  of  the  distance  of  objects,  it  follows  that  every  paint 
of  the  object  must  appear  and  be  seen  in  the  place  whore  it 
is ;  and  consequently  that  the  object  must  appear  in  its  tne 
erect  positioi),  notvnthstanding  its  picture  on  the  retina  is 
inverted. 

Reid  and  Brewster  incline  to  the  above  opinion;  but 
MiiUer  objects  to  the  hypotliesis  that  erect  vision  is  the 
result  of  our  perceiving,  not  the  image  on  the  retina,  but  the 
direction  of  the  rays  of  light  which  produce  it ;  involving  an 
impossibility,  since  each  point  of  the  image  is  not  formed  by 
rays  ha^'ing  one  determinate  direction,  but  by  an  entire  cone 
of  rays.  And,  moreover,  vision  can  consist  only  in  the  per- 
ception of  the  state  of  the  retina  itself,  and  not  of  any  thing 
lying  in  front  of  it  in  the  external  world.  The  hypothesis 
sdso  that  the  retina  has  an  outward  action,  and  that  objects  are 
seen  in  the  direction  of  decussating  lines,  that  is  to  say,  in  the 
direction  of  the  perpendicular  of  each  point  of  the  concavity  of 
the  retina,  is  a  perfectly  arbitrary  assumption ;  since  there  is 
no  apparent  reason  why  one  direction  should  have  the  prefer- 
ence rather  than  another ;  and  each  ultimate  sensitive  ^vision 
of  the  retina,  if  it  had  the  power  of  action  beyond  itself 
would  act  in  so  many  directions  as  radii  might  be  drawn  fixwi 
it  towards  the  exterior  world. 

It  appearing,  then,  that  there  cannot  be  perfect  sigbt  nnl^ 


wbere  a  perfsut  imuge  u  formed  on  the  retina,  and  tha  troth 
having  been  fotmertf  eaplained,  that  imagos  behind  any  lens 
will  be  at  different  distanoes  from  it,  according'  ta  the  various 
di^ances  of  the  objects  in  &ont,  that  is  to  say,  accordii^  as 
tiie  pencils  of  light  which  fall  upon  it  have  more  or  less  of 
divergence  in  them,  it  follows  that  the  ej^,  in  being  able  to 
see  distinctly  objects  at  any  distance  beyond  five  inches, 
possesses  a  power  of  altering  the  relation  of  its  parts  to  accom- 
modate itself  to  the  circumBtanccs.  This  change  is  effected  by 
»  set  of  muscles  which  produce  acme  alteration  ia  the  form  of 
the  lens  and  eyeball :  but  among  the  humim  race  it  happens 
that  all  do  aot  originally  possess  these  powers  exactly  in  the 
requisite  degree,  and  that  many  loso  them,  as  life  advances, 
from  a  natural  decay. 

The  imperfection  called  short-sightedness  is  perceptible  in 

t  prominency  of  the  cornea,  and  arises  from  the  too  great 
BDty  of  the  cornea  or  lens.  Thus  in  fig.  219  it  will  bt 
Jig.  210. 
wen  the  rays  arc  too  much  rcfraeted,  and  brought  to  a  focus 
before  arriving  at  the  retina,  etmsequently  the  rays  again 
spread,  and  the  object  is  rendered  indistinet.  Ptrsons  so 
^ictod  hold  anything  they  have  to  look  at  near  to  the  eye,  by 
which  the  rays  falling  on  the  crystalline  humour  are  more 
divergent  and  do  not  so  soon  come  to  a  focus.  To  lessen  the 
defect,  which  ia  n  serioua  inconvenience  in  crowded  streets, 
eoncavo  lenses  are  fitted  into  fi-ame  s,  and  then  called  spectacles ; 
those  are  placed  before  the  eye,  and  cause  the  perfect  imago 
^  be  formed  further  firom  the  Icais  in  the  eye,  and  hence  not 
fl  &0U8  until  it  reaches  the  retina.  Tho  nearer  an 
i,  is  brought  to  a  lens,  the  farther  tho  imago  recedes, 
^rt-si^ted  people  require  concave  lenses,  as  in  fig.  230, 


n 


n^re  the  nrs  of  lijsht  |«icewiiug  Inn  m 
lent  *  e,  and  are  bronsfai  to  m  focus  oa  the 
by  die  dutt€d  Hues :  vhereas  vitbcot  the 
lens  i€j  the  nxs  voul-i  be  brooclit  to  x 


wxf^mAawn 
iBSaTcntioB  d  tiis 


MTGfKbii:!.  &s  :r  i<  ^h^z^lHv  ealkd.  s  isjercased  br  nan; 
gbsfics  m  ji>r  pK.'Vrrfui  ihdT.  neev^ssainr.  Tbe  eres  of  such  penow 
are  mo^lv  string,  iha:  is.  ca;;^l*le  of  sneat  exercise  in  reafdhi^, 
wnvnz.  drawiz^.  ljiI  .iinT  works  dependent  rKtft  pardenlazi^ 
on  eresiirLT.  sni  in  wii.h  the  lenses  are  ii-:<  r»:aiaie :  tliis  in 
Boatt  Fftsi^c*::  i^^.-nr^r^^-s  ihr*n  f:*  the  disa^zceableness  and 
^i^&saresieLZ  -:f  >:-r;^r.raaIlT  weajini:  speccack?^  Tbis  delect 
geterjZy  iiniiii^h  .>  'srith  y^-dLT^ :  5jid  The  T*er5*jz.  wbo  in  yotadi 
neecf^  si'irti..!':-^.  :r.  .II  ij^:  c;sji  ?»:ie  tt^L  wiiix -t  ihem. 

Iji'Ilz  *i;h:,  T-zvr'y.^  v.  i>  exiiily  ih-:  reTrrsi?  ;.f  sh^-rt  si^t, 
and  in  minv  iz.-^*:.-::  .-.s  •>  vVv  ar:n?Tiz2'  frcci  i:-c^  s^ieinf  near 
o^jetis  'K-rll  ^--i>  in  f^.  ±::1.  i:  i>  *eicn  that  the  rs.T8  of  hdit 
do nc't  cjcllei-t  to  i :  .'lus  .  -  the  rvtiiLa  at  j  : .  btit  6?  soslIc Miind 


I.  ■ 


It.  sn-i  r^eiLte  -rnz-^i^if-i  i*e*5t?35  i::.i  sn  orxtt  it  a  CLstanoe 

cj^  rTirt. ~'T-e  je":? 
be  ^TwssLi  wi> 


•5:  i:r  the  more  dSst-int  the  v!:>tict  is  hx^si  the 
?-  the  resrer  the  iinase  will  be  to  it,  and  tixns 
the  jrt?p«"  j^ssEnAZL  ca  the  PrSzsa,  whoebr  sodi 


persons  can  eee  dutinctly.     The  auxiliaries  of  scie: 
iong-sighted  ore  conTes  lenses  ee  (fig.  22'I)  fitted  n_ 
tftdes,  which  causing  the  rays  <jf  light  proceeding  from  a  ti 
convci^e,  are  brought  to  a  focus  on  the  hack  of  the  retina  a' 

I 

^H  fig.  222. 

^^^Htad  of  pasBing  bs  it  vcrc  beyond  \tto  d:  the  dotted  li 

^^Bwr  the  effect  of  the  convex  lena  e  e. 

These  are  not  the  only  cases  of  defective  vision ;  others  ai 
from  motconfonnation  of  the  cornea  arc  much  more 
than  hns  been  sapposcd,  and  it  is  said  that  few  eyts 
from  them.  One  eye  may  he  alone  affected ;  and  a  most  re- 
markable and  instructive  instance  of  this  defect  has  been 
adduced  in  the  person  of  the  AstronomerEoyal,  Professor  Airy. 
In  his  ease  it  arose  from  a  defect  in  tlie  figures  of  the  cornea 
and  Lens :  he  ascertained  the  eye  t«  refract  the  rays  to  a  nearer 
focus  in  a  vertical  than  in  a  horisontal  plane,  which  rendered 
the  eye  utterly  useless  to  him,  and  a  serious  impediment  to  hiB 
astronomical  investigations.  To  correct  this,  after  much 
thought.  Professor  Airy  himself  contrived  to  have  made  a 
double -concave  lens,  in  which  one  surface  was  Bpherical,  and 
the  other  cylindrical.  The  use  of  the  spherical  surface  wa» 
for  the  purpose  of  correcting  the  general  defect  of  the  too- 
convcr  cornea.  And  in  hia  own  worda  :  "  After  some  ineffec- 
tual applieationa  to  different  workmen,  I  nt  lost  procured  « 
lens  to  these  dimensions :  radius  of  the  sphericid  surfuee  3Jt 
inches,  of  the  cylindrical  4^,  from  Mr,  Fuller,  of  Ipswieh.  I 
can  now  read  the  smalleat  print  at  a  eoneiderable  diwlance  with 
the  left — the  defective — eye  as  well  as  the  right.  I  have 
found  that  vision  is  most  distinct  when  the  cylindrical  suriac^ 
is  turned  from  the  eye  ;  and  as,  when  the  lens  is  distant  fi 
the  eye,  it  alters  the  apparent  figure  of  objects  by  t 
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differently  the  rajs  in  different  planes,  I  judged  it  proper  to 
haye  the  frame  of  my  spectacles  made  so  as  to  bring  the  g^b» 
pretty  close  to  the  eye.  With  these  precautions  I  find  that 
the  eye,  which  I  once  feared  would  become  quite  useless^  oaa 
bo  used  in  almost  every  respect  as  well  as  the  other." 

An  ingenious  instrument,  termed  tho  Ophthalmoscope,  has 
been  inyented  for  the  purpose  of  examining  the  changes  pro- 
duced by  disease  in  tho  internal  eye.  Eig.  223  represents  the 
instrument  in  use.  The  rays  from  the  flame  of  a  lamp,  reflected 
by  a  concave  mirror  a  b,  fall  in  a  state  of  convergence  on  a 


Fig.  223. 

convex  lens  c  of  about  1^  inch  focus,  held  just  before  the  eye 
under  examination.  The  rays  of  light  are  so  much  converged 
by  the  additional  refraction  they  undergo  on  entering  the  eye, 
that  they  quickly  come  to  a  focus,  cross,  and  are  dispersed  over 
the  retina,  and  thus  this  membrane  is  fully  illuminated.  The 
observer's  eye  at  n  is  looking  through  the  small  central  aper- 
ture in  the  middle  of  the  concave  mirror,  which  he  holds  in 
his  hand. 

The  earliest  observation,  and  which  doubtless  led  to  the 
discovery  of  the  ophthalmoscope,  was  the  mirror-like  reflexion 
of  light  seen  to  emanate  from  the  eyes  of  certain  animals. 
Prevost  demonstrated,  in  1810,  that  this  was  produced  by  a 
ray  of  light  falling  upon  the  eye,  and,  being  reflected  back, 
gave  the  eye  that  mirror-like  appearance,  to  see  which  per- 
fectly, the  animal  must  be  in  a  darkened  place,  and  the  light 
made  to  faU.  upon  it  from  without.  This  observation  has  only 
lately  been  revived  and  studied  by  Gumming,  Beer,  Erlacl^ 
Helmholtz^  Eriicke,  and  others,  in  the  human  eye.     [The 


mBtnuaent  and  ite  nses  are  ftillf  descnbed  in  a  little  woik  by  I 
Mr.  Jabez  Hogg.] 

The  focal  centre  of  tbe  eye  is  generally  admitted  to  be  at  »| 
very  little  dietanee  behind  ihe  erystaSline  lens,  and  the  q 
ibrmed  by  the  intersecting  axial  raya  from  the  trro  eyes  wn 
called  tbe  visual  am/U.  £1  looking  steadily  at  an  object  with 
both  eyee,  it  has  to  bo  brought  into  the  fijeal  centre  of  the 
produoed  visual  axis,  and  in  doing  tliifi  the  eye  revolve  round 
a  point  -which  is  tte/ocnZ  wiUre.  The  moliMi  is  accomplished 
by  thio  reciprocal  sympathy  of  the  muscles  of  each  eye  mutu- 
aUj  acting  together. 

The  eye,  on  seeing  a  landscape,  does  not  take  in  all  th«^ 
points  at  the  same  time  ;  hut  so  rapidly  does  it  move,  that  by  I 
the  retention  of  points  oo.  tbe  retdna,  tho  picture  seems  a  whole, 
and  tbe  mind  receives  it  as  if  oU  was  seen  at  the  same  instant. 
Hence  it  is  believed  that  we  only  see  perfectly  the  particular 
points  of  an  object  when  the  oads  of  the  eye  is  in  a  direct  line 
with  it.  Dr.  Young  states,  that  by  fixing  the  eye  steadily  in 
its  usual  position,  a  little  forward  and  dowaiward,  and  moving 
ft  luminous  object,  the  range  of  vision  upwards  is  50°,  down- 
wards 7(1°,  inwards  60°,  and  outwards  90°;  that  is,  a  hori- 
Kontal  play  of  150°,  and  a  vertical  play  of  120°.  But  of  course 
diiferent  eyes  vary  in  their  powers, 

K  a  person  look  down  upon  a  human  eye  immersed  in  water, 
as  may  be  tried  when  bathing,  the  iris  wUl  ho  seen  shining 
brightly  inside  the  eye,  while  the  cornea  will  seem  to  hare 
disappeared,  and  watei'  penetrated  the  (?ye.  The  illusion  is  eo 
perfect  as  to  alarm  the  person  who  gazes  on  an  eye  so  situated, 
from  its  unnatural  appearance.  The  diver,  when  be  looks 
upwards,  sees  things  as  if  through  a  small  round  hole ;  but  all 
objects  are  visible,  those  near  tbe  horizon  distorted,  and  con- 
triict«d  as  to  height. 

K  we  gaze  at  tbe  bright  sun,  and  then  doso  our  eyes, 
TsrioQS  colours  are  seen  before  the  form  of  the  object  diaiip- 
pears.  Bir  Isaaa  Newton  cxperijaeuted  on  tliis  subject,  and 
wrote  an  account  of  it  to  Jjoeke,  He  describes  first  lookii  ~ 
at  tho  eun,  and  then  seeing  the  visiouory  appeuruuce  afta 
wards.  "  At  length,"  says  be,  *■  by  repeating  this,  withos 
Jookijag  any  more  at  the  sun,  I  made  such  an  impressiDn  o 
my  «yc,  tiiBt  if  I  looked  upon  the  douds,  or  book, 
bnglit  object,  I  saw  before  it  u  round  bright  spot  like  tJic  1 
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and,  what  is  still  stranger,  though  I  looked  upon  the  sun  with 
my  right  eye  only,  and  not  with  my  left,  yet  my  fancy  begaa 
to  make  an  impression  upon  my  left  eye  as  well  as  upon  my 
right ;  for  if  I  shut  my  right  eye,  and  looked  upon  a  book  or 
a  cloud  with  my  left  eye,  I  could  see  the  spectrum  of  the  son 
almost  as  plain  as  wiUi  my  right  eye,  if  I  did  but  intend  my 
fancy  a  little  while  upon  it ;  for  at  first,  if  I  shut  my  right 
eye,  and  looked  with  my  left,  the  spectrum  of  the  sun  did  not 
appear  till  I  intended  my  fancy  upon  it ;  but  by  repeating  this 
it  appeared  every  time  more  easily.  And  now,  in  a  few  hours' 
time  I  had  brought  my  eyes  to  such  a  pass,  that  I  could  look 
on  no  bright  object  with  either  eye,  but  I  saw  the  sun  before 
me,  so  that  I  durst  neither  write  nor  read ;  but  to  recover  the 
use  of  my  eyes,  shut  myself  up  in  my  chamber  made  dark  for 
three  days  together,  and  used  all  means  to  direct  my  imagina- 
tion from  the  sun ;  for  if  I  thought  upon  him,  I  presently  saw 
his  picture,  though  I  was  in  the  dark ;  but  by  keeping  in  the 
dark,  and  employing  my  mind  upon  other  things,  I  began  in 
three  or  four  days  to  have  some  use  of  my  eyes  again,  and  by 
forbearing  to  look  upon  bright  objects,  recovered  them  pretty 
well,  though  not  so  well  but  that,  for  some  months  after,  the 
spectrum  of  the  sun  began  to  return  as  often  as  I  began  to 
meditate  on  the  phenomena,  even  though  I  lay  in  bed  at  mid- 
night with  my  curtains  dra\ni." 

What  amazing  adaptation  has  the  eye  to  circumstances 
affecting  it,  when  we  have  the  power  of  reading  by  the  light 
of  the  full  moon  and  the  noonday  sun,  the  difference  of  their 
intensities  being  as  one  to  three  hundred  thousand  ! 

Our  perception  of  objects  arises  from  the  impressions  on  the 
retina  being  communicated  by  the  optic  nerve  to  the  brain, 
where  they  are  what  we  call  recognized  by  the  mind ;  thus, 
we  do  not  see  the  objects  painted  on  the  retina,  as  we  would 
need  another  eye  to  do  so.  When  the  nerve  is  diseased  or 
injured,  the  retina  may  receive  the  image,  but  the  mind  no 
longer  is  susceptible  of  the  impression.  When  the  brain  is 
disordered  the  optic  nerve  sympathizes  so  much,  that,  without 
the  retina  having  such  an  object  upon  it,  there  is  presented  to 
the  mind  those  singular  delusions  cleverly  described  in  the 
*  Philosophy  of  Apparitions ;'  while  in  fever,  and  the  gradual 
decay  of  the  healthy  state  of  the  nerves  on  the  bed  of  death, 
there  arise  many  remarkable  delusions. 


ZL  optical  speotrum  is  seen  when.  t!ie  pye  has  been  strained  by 
n  any  particular  object  or  colour.  The  ray  of  white 
fight  consists,  aa  we  have  shown,  of  three  primitive  colnura. 
Now,  if  the  eye  is  fatigued  by  one  of  these  colours,  or  it  he 
lost,  nieehanicnlly  or  physiologically,  the  impression  of  two 
only  will  remain,  and  this  accidental  or  oomplementary  colour 
is  composed  of  the  two  remaining  constituents  of  the  white 
ray.  Thus  if  the  eye  has  been  strained  on  a  red  colour,  it  ia 
insensible  to  this,  but  pcrceivea  the  bhit  and  tho  yetlovi,  the 
combination  of  which  is  green.  So,  if  we  look  long  on  a  green 
spot,  and  then  fix  the  eye  on  white  paper,  the  spoctnim  will 
be  of  a  hght  nd.  A  vioUt  spot  will  become  yeUmv ;  a  hJ-ut 
spot  oran;/e-red ;  a  llaek  spot  will  entirely  disappear  on  a  white 
ground,  for  it  has  no  complementary  colour ;  but  it  appears 
wTiifs  on  a  darl-  ground,  as  a  white  spot  will  change  to  black. 
The  colours  of  objects  are  also  changed  in  somo  cases  of 
ophthalmia :  the  eye,  from  certain,  diseases  of  the  nerve,  may 
only  see  half  ite  objects ;  the  same  things  may  appear  and  dis- 
appear alternately ;  objects  at  rest  may  appear  in  motion ;  and 
tho  spectral  images  of  persons  and  things  formerly  seen  may 
be  exactiy  reproduced.  Even  more  than  this  may  occur  phy- 
aically,  for  material  objects  may  seem  what  they  are  not,  and 
especially  under  certain  prcdiflpoetng  causes  of  a  mental  nature. 

Optictd  illoaions,  at  times,  present  themselves  iu  very  curious 
and  mystic  aspects  ;  which  ia  doubtless  owing  as  much  to  somo 
temporary  derangement  of  the  organ  of  vision,  as  to  that  of 
bodily  ill  health,  or  to  external  refraction. 

One  of  the  sublime  provisions  with  which  the  eye  ia  gifted 
ia  tho  duration  of  the  impressions  on  the  retina,  so  that  we  arc 
enabled  in  the  frequent  flashing  of  tho  eyelids  over  the  ej'o 
never  to  lose  sight  of  the  object  engaging  our  attention. 

There  arc  several  conditions  neccssaiy  to  convey  the  impres- 
non  of  the  object  to  tho  optic  nerve,  and  from  thence  to  the 
hraiiii  Of  these  one  is  a  certain  length  of  time  for  light  to 
excite  the  impresaon,  which,  after  doing  bo,  is  retained  after 
the  cause  has  ceased.  M.  D'Arcy  found  that  when  a  live  coal 
was  swung  round  in  a  circle  165  feet  distance,  the  imprcBsioii 
remained  on  tho  retina  a  little  above  the  seventh  part  of  a 
second.  But  tho  duration  of  the  impression  depends  on  the 
colour  of  tho  light,  for  white  remains  longest,  next  yellov  _ 
then  red,  and  blue  tho  shortest  period.    Taking  tho  average 


length  of  time  ta/r  the  dozatioii  of  the  iMpreanon  br  all  the 
<9oImiis.  from,  the  inatuit  of  their  maudmnm  mtenntr  till  their 
dHBppearuioe.  it  is  foond  to  be  ooe-third  of  a  second  in  a 
dark  room,  and  one-sixth  of  a  aecood  in  a  light  room.  If  two 
or  more  impreesions  succeed  eai^  other  at  soch  short  ioterrals 
so  that  the  first  has  not  faded  away  before  the  next  commences, 
thej  ran  into  each  other,  the  eje  seeming  to  reoeire  diem  as  if 
Aerwere  but  one  impression,  as  we  know  when  we  whiil 
iDond  a  piece  of  horning  stick,  which  seems  like  a  perfeet 
circle  of  fire.  Fireworks  produce  this  effect,  and  lightning 
af^iears  as  a  stream  of  light.  The  retina  mnst  also  be  cx- 
poaed  to  the  indnence  of  an  object  beftve  it  can  be  TiaUe: 
tfaos  the  fiight  of  a  masket-b«Jl  being  too  rapid  to  canae  aa 
iB^reasion.  it  is  not  seen :  again,  if  the  Inrainoos  imjwesBioa 
be  too  weak,  the  object  cannot  be  discerned.  InnnmeraliJe 
optical  toTs  and  pyrotedinic  apparatos  owe  their  dfects  to  the 
oontinnance  of  the  impresHon  on  the  retina,  when  tiie  object 
has  changed  its  position.  The  thavmatropa.  phenalisiiaeopety 
pkoHtoMtopfs,  aMrtkoMoypfSy  Gorfaam*s  odonr-fiop.  «irc..  are  sU 
explained  upon  this  last-mentioned  principle. 

In  using  a  lens,  those  rays  that  fall  upon  it  at  a  distance 
from  the  axis,  intersect  those  that  fall  uDon  it  nearer  to  the 
axis,  and  cons<?qnentlv.  on  bein?  refracted  nearer  the  lens 
than  the  principal  foens.  indistinomess  is  created,  an  effect 
wiiich  is  called  sDherical  aberration  :  this  ia  lenses  is  remedied 
bv  covering:  the  rim.«.  or  part  of  their  surfaces,  by  some  sub- 
stance which  is  nor  transparent,  s^^  that  the  rays  pass  through 
«ily  that  part  where,  on  meering  atter  refraction,  they  will  be 
at  one  pijint.  In  the  eye  tics  indistinctness  is  provided 
against  by  the  shape  of  the  crystalline  humour,  the  place  of 
the  iris,  which  also  covers  up  a  portion  of  the  lens,  and  by  the 
concavitv  of  the  retina,  all  combinin?  m«3st  wonderfhllv  to 
effect  the  desired  object,  and  perfection  of  vision. 

We  know  that  in  an  artificial  convex  Ions  it  is  limited  in  its 
power,  acc-ording  to  distance,  of  showing  distinct  images,  yet, 
resemblins*  it  as  it  does,  the  human  eve  has  a  beautiful  mns- 
cnlar  adaptation  by  which  distant  as  well  as  near  objects  may 
be  instantaneously  seen  in  a  most  distinct  manner ;  a  power  oi 
self-adjustment,,  although  limited,  yet  most  important  lo  oar 
happiness  and  preservation  of  life. 

Even  achromatic  object-glasses  are  so  far  imperfect^that  they 


do  not  bring  the  ehtmieal  rays  of  light  to  tho  samo  focne  a> 
tlie  Itaninotta  rays.  There  is  likewise  another  property  termed 
Ji^ent  lig^t,  or  the  inflnence  nod  principle  of  light  in  darkness. 
The  continuating  rays  of  light  are  those  that  woold  appeur  to 
jovlong  the  disturbance  of  the  Burface  of  a  budy  once  eet  ap 
or  b^Tin.  The  yellow  are  the  contimiating  rays :  by  moxaxi 
of  these,  photographers  are  enabled  to  develope  an  in^isiUe 
image  when  the  change  has  been  onco  begun  or  set  up  on  tho 
chemically  prepared  sarface. 

This  curiona  property  of  tho  yeUow  rays  of  light  may 
afford  as  some  clue  to  the  use  of  the  yellow  spot  in  the  ceotjol 
i^ion  of  the  retins,  known  as  tho  yolloir  spot  of  SccniinCTing, 
not  far  remoTed  from  the  optic  nerve  itself,  but  where  ilie 
light  as  it  enters  the  eye  is  first  received .-  we  may  therefore 
suppose  the  retention  of  the  impressions  to  be  strongs  here, 
owing  to  the  continuating  power  of  this  yellow  spot.  It  ia 
()iute  certain  that  the  retina  at  this  very  spot  ia  more  sensitive 
than>  elsewhere,  which  no  doubt  ariseH  from  tho  luminous  rays 
acting  more  energetically  upon  it. 

Here  we  have  a  eurioua  and  important  physiologiciU  inquiry, 
affording  some  eiplanatioa  of  the  indehble  fixed  impress  re- 
oeired  with  the  rapidity  of  an  clectiic  Hash,  and  hence  con- 
veyed to  the  mind,  to  be  there  reproduced  at  will  with  tho 
fismo  vividacfis  years  after  the  first  momentary  impreesion  was 
received  upon  the  retina. 

There  ia  another  remarkable  fact  which  must  not  escape 
our  attention :  at  the  spot  where  the  optic  nerre  enters  the  eye 
it  is  totally  insensible  to  tho  stimnlnB  of  hght ;  for  this  reoaoa 
it  is  called  the  blind  spot.  It  is  known  that  at  thia  point  the 
□erra  is  not  yet  divided  into  those  nlmoet  inflmtely  minnto 
Sires,  which  are  fine  oaough  to  be  either  thrown  into  tremorB 
w  olberwiee  changed  in  their  mechanical,  cheraicjil,  or  otbor 
state,  by  a  stimulus  so  delicate  as  the  rays  of  light.  A  simpto 
oad  onriooB  experiment  will  at  once  prove  its  existence.  On 
a  sheet  of  black  paper,  or  other  dark  ground,  place  two  whitff 
wafers,  having  their  centres  three  inches  distant.  Vertically 
sboro  that  to  the  Ufl  hold  the  right  eye  at  twelve  inehM  from 
it,  and  so  that,  when  looking  down  on  it,  the  lino  joining  tbe 
two  cyca  shall  be  parallel  to  that  joining  the  centre  of  thfl 
wafers.  In  this  Mituntion,  closing  the  left  eye,  and  looking  full 
witii  tie  right  at  t^  wafer  perpendicularly  below  it,  this  only 
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is  seen,  the  other  being  completely  invisible.  But  if  removed 
over  so  little  from  its  place,  either  to  the  right  or  left,  above 
or  below,  it  becomes  immediately  visible,  and  starts  as  it  were 
into  existence.  It  will  cease  to  be  thought  singular,  that  this 
fact  of  the  absolute  invisibility  of  objects  in  a  certain  point  of 
the  field  of  view  of  each  eye,  should  be  one  of  which  scarcely 
one  person  in  a  thousand  is  apprised,  since  it  is  well  known  to 
medical  men  that  persons  have  been  totally  blind  with  one  eye 
without  their  being  at  all  aware  of  the  fact. 

We  judge  the  dimensions  of  objects,  that  is,  their  real  firom 
their  apparent  magnitude,  by  the  angle  under  which  its  rays 
intersect  each  other  in  the  eye,  aided  by  its  distance,  position, 
and  motions,  which  our  judgment  draws  conclusions  from  by 
continued  exercise,  commencing  in  earliest  infancy,  assisted  Iqr 
experience  in  after  life.  We  infer  the  size  of  distant  objects 
from  the  decrease  of  the  visual  angle,  as  well  as  the  relative 
distances  of  objects  from  each  other  by  the  angle  of  vinoA 
varying  at  each  point.  The  apparent  or  linear  magnitude 
must  be  of  a  certain  size  to  produce  an  image  on  the  retina, 
besides  an  illuminating  power  and  colour.  The  image  of  an 
object  moderately  illuminated  must  be  0*001  of  an  inch  long, 
or  the  extreme  rays  of  light  must  form  an  angle  of  half  a 
minute  in  the  eye  at  a  minimum ;  whence  it  follows  that  an 
object  of  mean  illuminating  power  will  be  visible  if  its  distance 
from  us  is  not  more  than  68,000  or  69,000  times  its  greatest 
length.  Strongly  luminous  bodies,  such  as  the  fixed  stars, 
are  visible  at  infinitely  small  visual  angles ;  they  excite  in  the 
eye  merely  a  sensation  of  light,  without  creating  any  impres- 
sion as  to  their  apparent  magnitude  or  even  form. 

Plateau  asserts  that  white  may  be  distinctly  seen  in  the 
light  of  the  sun  at  an  angle  of  12",  yellow  at  one  of  13",  red 
at  23",  and  blue  at  20" ;  but  that  in  ordinary  daylight  tiiese 
angles  must  be  half  as  lai'ge  again. 

We  judge  of  the  motions  of  bodies  by  their  images  moving 
on  the  retina ;  but  to  bo  able  to  detect  motion,  the  line  cJ 
vision  must  describe  at  the  least  one  degree  in  each  minute  of 
time :  this  not  being  the  case  with  the  heavenly  bodies,  their 
motions  are  imperceptible.  The  nearer  the  direction  of  the 
motion  is  at  right  angles  to  the  line  of  vision,  the  greater  will 
be  the  apparent  motion  produced  by  any  real  movement  of  an 
object.    The  hour-hand  on  a  dock  stealing  stealthily  along 
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ia  not  perceptible,  from  having  lees  motion  than  that  stated 
above. 

At  the  first  glance  at  the  nubjeet  of  single  visiin,  it  seems 
strange  with  two  eyes,  having  each  an  irapresaion  of  an  objet't 
on  the  retina,  that  we  do  not  see  the  object  doable.  But  tho 
'beantiiiil  mechaniBm  of  the  mnscles  that  move  the  eyes  acts  in 
BQch  perfect  onisoti,  that  the  axes  of  the  eyes  converge  to- 
wards the  object  to  which  they  axe  adjnsted,  and  the  irofige 
fells  exactly  on  the  same  parts  of  the  two  retinte. 

If  aft  (fig.  224)  be  the  two  eyes,  and  c  the  object  before 
them,  ac,be  are  the  axes  that  meet  in  e,  therefore  an  imago 
is  produced  in  each  eye  which  will  correspond  with  the  per- 
spective projection  of  the  object 
&om  the  points  a  and  b.  £ut  if 
ttie  eyes  be  set  so  that  their  axes 
meet  either  before  or  beyond  the  ( 
object,  then  wo  see  the  object 
doable.  Thus,  if  a  candle  be  at 
a  distance  of  about  ten  feet,  we 
see  it  distinctly  as  one  object ;  ^-  ^^' 

but  if  we  place  a  finger,  f,  fig.  225,  at  about  ten  inches  from 
the  eyes,  and  look  steadily  at  it,  then  a  candle,  r  d,  will  be 
seen  on  both  sides  of  the  finger.  This  arises  frwm  the  axes  of 
the  eyes  meeting  at  the  finger,  and  their  crossing  one  another ; 
the  rays  from  the  light  passing  on  each  side  of  the  finger  pro- 
duce two  images  of  the  candle  on  the  retinas.  But  if  the  optic 
axes  be  directed  to  the  light  c,  then  the  finger  will  be  seen 
doable,  B  B,  on  each  side  of  the  lig'ht. 

Should,  however,  the  object  be  brought  so  dose  to  the  eyes 
that  the  optic  axes  convei^,  then  the  peiBpeotive  projections 
of  the  object  are  seen  difierontly  by  each  eye,  and  increase  in 
di&rence  the  nearer  the  object  ie  brought  towards  the  eyes, 
from  the  greater  convergence  of  the  optic  axes.  Thus,  when 
we  place  an  object  within  two  or  three  inches  of  the  eyes,  and 
look  at  it  first  with  one  eye  and  then  with  another,  the  head 
being  kept  in  the  same  position,  the  perspective  projections 
will  seem  to  be  diiferent :  we  thiia  compel  the  eyes  to  convei^ 
to  the  degree  of  squinting,  whilst  with  diatnnt  objects  they  are 
nearly  parallel.  The  quality  of  foca2  change  becomes  of  moie 
value  and  importance  in  cases  where  the  sight  of  one  eye  is 
loBt.     A  pereon  suddenly  deprived  of  the  use  of  one  eye  esti> 
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mates  with  the  graateet  diiBcultj  the 
would  be  almost  impoudble  to  snuff  a 
candle  with  one  eye  closed,  or  even  to 
[daoe  the  finger  exactly  on  any  fixed 
point.  The  single  eye,  like  the  single 
leg  of  a  compass,  cannot  at  first  mea- 
nm  distance ;  but,  after  some  time, 
experience  teaohes  the  one  eye  to  esti- 
mate distance  by  the  change  of  focus 
alone,  whilst  with  both  eyes  we  feel 
and  metisnre  distance  by  the  conver- 
gence and  divergence  of  the    vianal 


Tht  SlereoKope. 

The  remarkable  phenomenon  jost 
alluded  to,  engaged  the  attention  of 
Professor  Wheatsb^e,  who,  on  the  21st 
of  June,  1838,  read  a  paper  at  the 
Royal  Society  "  On  some  previously 
unobserved  Phenomena  of  Binocular 
Vision"  (sight  with  two  eyes);  in  the 
course  of  which  he  described  an  in- 
strument, the  Stn-eoaa^e,  invented  by 
himself,  by  which  two  perspective  dia- 
grams of  the  same  solid  were  seen  at 
one  view,  so  as  to  appear  as  completely 
soUd  as  the  object  itself.  i 

In  1839,  Mr,  Wheatstone  brought 
his  discovery  before  the  British  Asso- 
ciation, at  Newcastle,  where  it  gave  nse  to  a  discussion  i^ 
great  interest,  in  which  Sir  D.  Brewster  and  Professor  Whew^ 
took  part ;  and  Sir  John  Herschel  characterized  the  discovory 
"  as  one  of  the  moat  curious  and  beautifiil  for  its  simplicity  in 
the  entire  range  of  experimental  optics."  In  Germany  the 
subject  excited  still  more  interest,  and  was  at  once  eagerly 
taken  up.  The  new  hght  thrown  on  the  subject  of  double 
vision  engaged  the  attention  of  the  most  able  physiologists 
and  metaphysicians;  and  M,  Prevost  contributed  an  able 
and  scientific  paper  on  the  subject.  In  the  commencemNit 
of  IBSfi,  the  photographic  art,  i^n  which  Niepce,  Talbot, 
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i  Dagnerre  had  long  been  at  woik,  was  at  length  matared ; 

a  Mr.  Talbot  and  Mr.  CoDen  in  the  same  year,  at  Mr, 
Wheatfitone'a  request,  prepared  photographs  of  fdl- sized 
BtatuBB,  baildinga,  and  portraits,  for  the  stereoscope.  Mr. 
Wheatstone's  diagrams  were  at  once  a  proof  that  small  draw- 
ings may  be  made  to  represent  under  the  stereoeeopo  the  com- 
plete effect  of  reahty.  Two  miniatores  might  bo  painted, 
each  with  one  eye,  if  the  axtiit  could  attain  sufBcient  accuracy, 
which,  viewed  in  the  stereoscope,  would  be  seen  aa  one  solid, 
life-like  picture. 

These,  however,  were  not  the  only  illustrations  of  an  import- 
ajut  discovery  in  science.  A  new  step  was  gained  in  explanation 
of  a  certain  phenomenon  of  sight.  It  was  clear  that  the  inner 
eye  (if  we  may  use  the  phrase)  is  furnished  with  two  out«r  eyes, 
not  merely  for  the  uniformiW'  of  the  face,  nor  to  puzzle  phi- 
losophers, bat  to  provide  for  an  instantanooua  perfect  vision  of 
the  form  and  position  of  objects;  the  one  eye,  in  fact,  eecing 
round  one  side,  the  other  eye  round  the  other  side,  and  the 
inner  eiyo  having  thus  brought  before  it  in  one  and  in  fait 
solidity  the  whole  object. 

That  the  same  body  is  seen  differently  by  the  two  eyes,  will 
be  rendered  more  intelligible  by  considering  the  relative  posi- 
tion of  the  rays  proceeding  from  the  several  points  of  the 
pyramid  (fig,  226)  to  the  eye.  Let  the  pyramid  a,  placed  on 
the  table  b,  be  viewed  by  tho  eyes  of  a  person  looking  perpen- 
dicularly down  upon  it,  and  suppose  that  lines  drawn  &om 
the  several  comers  of  the  pyramid  to  each  eye  be  intercepted 
by  a  screen  e,  placed  parallel  toi  i ;  of  these  the  four  back 
lines  only  are  drawn  in  tho  diagram.  By  joining  tho  several 
points  where  these  lines  pass  through  Uie  screen,  we  obtain 
the  figures  drawn  on  it,  which  are  the  projections  of  the 
pyramid,  and  which  correspond  with  the  images  produced  on 
the  two  retinae.  It  will  be  seen  &om  the  relative  position  of 
the  lines  drawn  from  the  two  eyes  to  the  pyramid,  that  the 
projectione  on  e  will  be  necessarily  dissimilar,  tho  interior 
squares  b^g  nearer  to  the  contiguous  sides  of  the  outor  ones ; 
and  it  is  trova  tho  supposition  of  these  dissimilar  images  that 
the  mind  infers  the  elevation  of  the  smaller  square  above,  or 
in.  front  of,  the  larger  one,  and  consequently  the  true  relative 

Eon  of  the  lines  drawn  one  to  the  other,  forming  the  lateral 
of  the  pyramid. 
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The  word  gtereoacope  i 
aigni^ring  $oiid  and  to  $u. 


deriTed  from  two  Greek  woidB, 
It  therefore  tpplieB  to  am  mrtni- 


fig.  226. 

ment  which  enahles  ns  to  yiew  two  plane  soifaoee  in  audi  a 
manner  that  they  appear  as  a  natural  figure  in  idielL  Que 
figure  in  the  stereoecope  should  repreaent  a  solid  hodj  exadJy 
as  Tiewed  with  one  eye ;  the  other,  as  viewed  with  tiie  other. 
They  should  differ  just  as  much  as  any  near  object  is  seen  to 
differ  from  itsdf^  on  alternately  shutting  either  eye.  Thus  in 
taking  photographic  views  for  the  stereoecope,  the  camera 
should  be  shifted  only  a  few  inches  (in  fret,  the  distanoe 
between  the  eyes)  for  Ihe  second  operation.  It  is  veiy  comnini 
for  the  pictures  to  be  taken  from  points  of  view  at  a  greater 
distance  apart — several  feet  instead  of  inches.  The  leanlt  of 
this  is,  that,  on  viewing  both  simultaneously,  a  modd  is  seen, 
not  a  natural  object.  An  unnatural  relief  is  obtained  as  if  we 
can  see  too  far  round  the  comer,  or  regard  three  aides  of  an 
object  at  one  moment. 

The  theory  of  the  stereoscope  is  extremely  nmple.  In  Hub 
instrument  two  flat  pictures — ^representing  the  same  object  as 
regarded  from  two  separate  points  at  a  sinaU  distanee  iq^ait— 
are  so  arranged  as  that  one  shall  be  seen  by  eodi  eye.    The 


two  come,  bb  it  were,  to  a  focua  iu  the  brain,  and  give  the  ideal 
of  a  solid  body.  Two  eyes  must  of  course  be  used  in  regarding  I 
them ;  when  we  shut  one  eye  in  lookiiig  about  us,  wo  see 
everything  as  a  flat  sur&ce ;  when  we  open  both,  wo  see  as  it 
were  two  sides  of  each  object,  and  thus  at  once  know  it  to  be 
in  relief,  or  solid.  The  difference  between  the  stereoscope  and 
nature  is,  that  in  the  former  the  two  impressions  do  not  eome 
&om  the  same  point ;  and  as  the  viewing  two  distinct  objects 
with  the  two  eyes  would  necessitate  squinting  to  some  extent, 
the  ordinary  r^-acting  stereoscope  causes  the  image  te  sefi 
come  from  th«  same  point,  and  so  allows  of  the  natural  c 
vergence  of  the  axes  of  the  eyes. 

The  form  of  the  stereoscope,  as  originally  produced  by  Pro-^ 
feesor  Wheatstone,  aud  which  he  called  the  reflecting  stereo- 
scope, is  shown  in  fig,  227 ;  and  it  is  on  many  accounts  the 


Fig-  227.- 

most  convenient  form,  as  it  aUows  of  every  adjustment,  and 
will  show  pictures  of  any  size.  A  reflecting  stereoscope  may 
be  readily  constructed.  It  consists  of  two  pieces  of  looking 
glass  set  at  right  angles  to  each  other  in  the  centre  part  of  the 
infltmment.  The  objects  or  designs  are  shd  into  grooves  at 
each  end  of  the  instrument,  which  are  then  some  four  or  five 
inches  distance  from  the  reflecting  mirrors,  care  being  taken  to 
place  each  design  in  its  proper  position.  Pot  small  phot«-  . 
graphs,  the  refracting  or  prismatic  stereoscope  (fig.  228,  i 
conBtructedbyMr.  Wheatstone)  is  better  adapted.  Several  in* 
genious  modifications  of  the  instruuieEt  have  been  made  by  Pro 
feesor  Dove  and  Sir  David  Brewster,  The  lenticular  inHtriuncni^ 
described  by  the  latter,  which  ia  most  generally  in  use,  has  tJ 
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sppoamnce  of  a  donble  opont-glasH ;  and  the  cliinf  modifieation 
fonueU  in  the  sahstitutioEi  of  qnarter  lensee  fur  the  prisms 
i-mployed  by  Mr,  Wheotstone.  The  eye-glossea  rofhict,  <»,  in 
other  words,  throw  the  imsgM  out  of  the  direct  litte  to  t^ 
renlre  between  the  eyes;  each  itnoga  being  in  thiB'WByFH-  I 
rnored  in  a  direction  towards  each  other,  the  two  w 
produce  the  effect  of  solidity. 


Fig.  228.— Refracting  Stereoscope, 

The  diagrams  of  spTeral  forms  of  crystals  and 
solids  are  illnstratioDB  which  may  bo  observed  withont 
instrument,  to  the  no  small  amnsement  of  those  who  f&r  tU 
first  time  seo  them,  and  may  bo  multiplied  in  almost  infioatv 
Tftriety,  These  diagrams  are  constructed  to  rejjresent  wM 
may  be  tinned  right  and  left  eye  views  of  objects,  aa  wj 
should  actually  see  them  with  the  left  or  right  eye  altenuttah^ 
Take,  for  example,  the  railway  tunnels  (fig.  239),  and  eqv&il 
at  them  so  aa  to  view  one  with  each  eye ;  one  picture  irSt 
present  itself,  a  central  one,  being  a  combination  of  the  otter 
two,  and  producing  the  effect  of  a  perfectly  hollow  tunnel ;  in 
like  manner  the  other  diagrams  will  combine  to  form  an  appa- 
rently perfect  solid  body,  presenting  all  tbe  appearance  of  » 
network  standing  out  from  the  paper.     The  idea  of  solidity  is 
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evidently  prodaced  ty  the  combination  of  twB  pictures  of  a 
solid  body  taken  from  either  eye,  aa  from  two  different  points 
of  sight.  Tho  perception  of  distance  or  perspective  Mr. 
Wheatstone  attributes  to  the  same  cause ;  which  explains  the 


-Ha  Iway  Tunnel, 


fatt  that  all  paintings  and  drawings  aro  m  reality,  but  pictures 
for  one  eye  and  are  seen  mo&t  hke  reality  when  Uiey  are 
looVed  at  with  one  eve  only  We  may  have  distance,  dinmess, 
^fference  of  light  and  shade,  hut  cannot  have  real  roundness 
and  apace  between  and  beyond  objects,  unlesa  each  eye  has  its 
picture.  As  it  is,  our  pointings  may  be  said  to  be  a  one-radcd 
or  one-eyed  perapeetive — tho  whole  landscape  orportrait  as  it 
wxmld  appear  to  the  two  eyes  cannot  be  represented. 


Fig.  330,— Iron  TreHis-work. 
*  mere  drawings  by  hand  were  used,  it  mi-ht  bo 


helil  tbt  tte  ctfeet,  bomver  wonderftd, 
lut  bj  wbicfa  the  mim»  wcte  chested.     Pbotap^il^, 
admitacf  no  thck;  the  two  pbtn  id  the  two  csmensfltna 
tnilj  for  the  two  cje*,aiiil  reoeiTe  eacJi  joat  sodi  s  pietar^n 
nfirv,  no  lew,  m  each  *7«  receives.     There  ta,  tttefcfbre,  m 


Fig.  2^1. — Double  leUuhednm,  llie  ndes  Iwing  eqiitlaUTal 

further  room  for  doabt  a5  to  the  need  for  two  eyee ;  w9  hi* 
lakcn  by  the  aid  of  pbologiuphj  the  very  picture  from.  e«B, 
ftnd  have  made  them  tell  their  secret.     Our  double  Tiaas^ 

but  perfect  vision. 


Fig.  232  — Square  prismB,  Knd  oclohedrons  withsquare  buses — -iJie  forms 
or  the  a-jBtalA  of  fi'iTocyajiide  of  potaaduin,  WyauidB  of  niMWVi 
idocruD,  Bnd  wmkse. 


be  said  that  persons  TCith  one  eye  nevcrthelcse  e 
and  see  perspective  and  rotundity.  The; 
fnd  there  is  neither  difficulty  in  the  answer,  nor  any  reiiita- 
don  in  the  fact  of  what  we  have  said  an  to  double  vision.  One 
eye  tdone  judges  of  the  relief  of  an  object,  from  the  accus- 
tomed distributions  of  light  and  shade,  giving  perspective 
appearances,  though  the  perceptions  it  hence  acquires  are  less 
nvid  than  those  obtained  by  means  of  two  eye«.  Another 
corioiiB  fact  is,  that  a  one-eyed  person  when  looking  at  a  aoUd 
oh'ect  is  constantly  changing  the  position  of  the  head  from 
fiide  to  side :  the  result  of  this  is,  that  he  is  by  this  means 
getting  the  same  effect  with  one  eye  that  is  produced  by  two 


a,  cammoD  salt,  arienioua  acid,  Suor  spar,  a 


eyes  with  the  head  stationary.     With  two  eyes,  as  wc  have 
before  stuteJ,  two  images  fruni  -different  points  of  sight  are 


lava  I 


I 


oombincd  to  produce  wliditj :  with  one  eye,  and  a 
chmge  of  its  position,  two  images  in  like  manner  Brcpmdneod; 
but  the  oombination  depends  on  the  ciirioiM  tircumstonce  of 
the  se'cond  imprcsttion  fulling  on  tbe  retina  before  tbp  previoui 
impreBsion  has  oacaped.  The  retention  of  objci^te  on  the  retina 
Bomo  time  after  their  removal  has  been  Iwforo  esplained; 
therefore  a  one-eyed  person,  with  the  stereoscope,  by  first 
looking  through  one  aide  anil  then  through  the  otitr,  geta  iBo 
effect  of  distance  and  solidity  simply  by  the  retention  of  the 
firat  picture  on  the  retina. 

The  eomplet*  pcrspecliTo  of  distant  portions  of  the  piobtn 
in  the  stereoscope  is  not  8c*n  to  perfection  until  it  has  been 
looked  at  for  some  seconds,  though  the  near  portions  standout 
in  their  full  roundness  and  solidity  at  onee.  This  arises 
from  the  instniment  not  being  perfectly  adjusted  to  the  tjet 
of  the  observer,  whilst  it  requires  for  instantaneous  per&d 
vision  a  different  adjustment  for  different  persona.  By  atten* 
tive  observation  it  may  also  bo  noted  tbat  the  near  and  distant 
oljecte  do  not  clc-orly  appear  at  the  same  instant.  This  arises 
&om  the  fact,  that  whilst  the  near  objects  ore  seen  by  M^ 
eye  at  a  certain  angle,  and  eo  that  the  two  pictures  form  one, 
the  distant  objects,  with  eyes  placed  at  the  same  an^e,  are 
more  or  lesB  separated,  and  so  are  seen  more  or  less  distinctly 
as  two  pictures.  To  correct  this,  the  eyes  alt«r  their  distanee 
from  each  other,  and  it  is  only  when  they  have  done  so  witli 
accuracy,  that  the  distant  portions  of  the  picture  are  mods 
to  coincide,  and  the  roundness  of  the  furthest  portiona  is  seen 
as  distinctly  as  that  of  the  nearest.  This  process  of  adjust-, 
ment  of  their  two  pictures,  both  as  bi  real  objects  and  ttur 
photographs,  the  eyes  are  incessantly  at  work  upon. 

These  stereoscopic  pictures  are  not  only  curious,  tbef  VBt 
beautiful  and  useful.  Wo  have  now  galleries  of  poitiafiB 
which  are  no  fictions  of  painters,  but  people  as  they  were  and' 
are — not  fiat  and  framed,  and  hung  along  the  walls,  nor  in 
cold  marble,  but  round  and  real  as  the  originals  look  in  Bfe. 
And  BO  with  buildings  and  scenery;  we  have,  at  a  Atep 
rate,  our  hall  of  antiquities— Pompeii  as  it  is,  Ninevell  «a 
Ijiyard  saw  it — scenery  in  foreign  lands,  in  our  own,  in  all  tha^ 
minuteness,  grandeur,  and  beauty  of  nature.  Neither  dande 
nor  Turner  could  have  given  more  than  half  such  physicai  or 
aerial  perspective.    The  artist  may  carry  in  hb  stereoscope  tlu 
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lortal  works  of  the  genius -inspiring  masters  of  every  age 
9  oonntry ;  aniJ  wherever  the  highest  living  beauty  is  to  be 
firand,  he  may  have  in  an  instant  his  models,  subject  to  no 
errora  of  his  pencil,  but  in  all  the  full  roimdness  of  reality. 

Another  wonder  of  hinocnlar  or  two-eyed  vision  is  Professor 
Vheatstone's  pseudoseope,  an  instrmDcnt  so  called  on  accotmt 
of  its  giving  false  perceptions  of  all  external  objects,  t^mo 
of  the  iUusions  are  very  extraordinary.  Its  effect  may  be 
briefly  expressed  as  making  whatever  point  is  nearest  seem 
Airtheet  off,  and  the  reverse;  bo  that  all  objects  seen  throngh 
it  Wppeis  OS  if  they  were  tamed  inside  ont.  A  solid  terres- 
trisl  ^obe  is  seen  concave,  like  Wyld's  globe,  with  the  map 
on  the  inside.  The  inside  of  a  tea-enp  appears  a  rounded 
projecting  solid.  A  China  vase,  with  embossed  colonred 
fiowers,  appears  as  if  it  were  cnt  in  two;  the  side  with  tb» 
flowers  being  indented.  A  bust  shows  as  a  deep  hullow  mask. 
Other  more  complicated^  and  in  sonae  cases  perplexing,  illnsioiis 
are  prodneed  by  the  instrument,  which  is  very  portable,  and 
will,  &om  the  infinity  of  its  illusions,  even  as  a  toy,  become 
popular, 

T7ie  Ttlescope. 
the  invention  of  the  telescope  man  may  almost  be  said  to 
^  created  another  sense,  for  with  it  he  has  rent  asunder  the 
tmI  bonnding  his  knowledge  of  the  universe,  and  peered  into 
space  hitherto  hidden  from  his  ken.  By  the  telescope  he  has 
gained  insight  into  the  undeviating  laws  of  creation.  The 
telescope  has  taught  humility  to  man — has  shown  that  his 
mind  cannot  grasp  the  extent  and  wonders  of  the  works  of 
God — and  that  his  duty  is  to  adore  that  Power  which  ia  beyond 
luB  understanding. 

The  word  '  telescope '  is  derived  from  the  GroeU,  and  means 
to  eee  afar  off. 

The  telescope  is  said  to  have  been  discovered  by  some 
children  when  at  play  in  a  Dutch  spectacle -maker's  shop ; 
others  state  that  Zacharias  Hansen,  a  epectaole- maker  of 
Hsgdebui^,  trying  the  effects  of  a  convex  and  concave  glass 
united,  found,  that  when  placed  at  a  certain  distance  from  each 
other,  they  had  the  property  of  making  distant  objects  appear 
near  to  the  eye.  However  this  may  be,  the  first  application 
of  it  to  the  pniposes  of  science  was  by  the  celebrated  Gohleg. 
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The  teleflcope  oonsiBts  of  a  long  tabe  pamted  Uaek  in  the 
inside  to  absorb  superabundant  light,  and  containing  certain 
lenses.  That  which  bears  the  name  of  Galileo's  telesoope^  oon^ 
sists  of  a  convex  object-glass  d  s  (fig.  235),  and  a  concaye  eye- 
glass  c  y.  The  distance  between  the  two  lenses  is  leas  than 
tiie  focal  distance  of  the  object-glass,  but  the  conoare  ^aai  is 
situated  so  as  to  make  the  rays  of  each  pencil  &U  paialU 
upon  the  eye,  as  is  evident  by  conceiving  tiie  rays  to  go  badi 
again  through  the  eye-glass  towards  its  focus.  When  Ihe 
sphere  of  concavity  in  the  eye-glass  of  a  Ghdilean  telescope  iB 


Fig.  235. 

equal  to  the  sphere  of  convexity  in  the  eye-glass  of  anofter 
telescope,  their  magnifying  power  is  the  same ;  but  the  con- 
cave glass  being  placed  between  the  object-glass  and  its  fbcoSi 
the  Galilean  telescope  will  be  shorter  than  the  other  by  twice 
the  focal  length  of  the  eye-glass.  Hence,  if  the  lengths  of 
the  telescopes  be  the  same,  the  Galilean  will  have  the  greatest 
magnifying  power.  It  will  be  seen  that  the  eye-glass  receives 
the  convergent  rays  before  they  meet  and  form  the  image,  and 
by  refracting  them  makes  the  rays  diverge,  and  the  object  is 
seen  at  r  a, 

A  cheap  and  really  useful  telescope  may  be  made  by  obtain- 
ing a  single  convex  lens  of  four,  five,  or  six  feet  focus,  which 
lens  f  an  be  had  of  an  optician  for  half-a-crown.  The  tube 
may  be  made  of  paper,  of  the  required  length,  to  suit  tiie 
focus  of  the  object-glass.  Make  also  two  more  tubes  of  tin 
for  an  eye-piece,  one  to  slide  within  the  other,  the  larger  one 
to  slide  in  the  tube  of  the  telescope.  The  annexed  diagram 
will  explain  what  we  mean : — d  (fig.  236)  is  the  body ;  a  is 


^a 
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Fig.  236. 
t)ie  object-glass ;  b  o  is  the  eye-piece.    This  is  somewhat  like 


the  Galilean  telescope  just  described,  but  vith  this  material 
difference,  a  compound  eye-piece  is  used  in  this,  whilst  in  the 
Galilean  only  a  single  eye-glass  is  nsed.  s  is  a  ooncave  lens, 
and  c  is  plano-convex,  each  of  four  inches  focns.  £y  placing 
B  before  c,  it  doubles  the  power  of  the  eye-piece,  and  gets  rid 
almofit  entirely  of  the  prismatic  colonrs,  whilst  its  definition 
approaches  that  of  an  achromatic.  This  eye-piece  can  be  need 
as  a  pancratic.  If  you  pull  c  oat,  yon  must  push  b  nearer 
to  the  object-glass.  But  two  or  three  trials  will  be  required 
to  adjust  the  glasses  of  this  telescope,  which  will  show  the 
satellites  of  Jupiter,  and  also  the  dark  belt  across  the  body  of 
tlie  planet. 

lie  Galilean  Is  an  extremely  simple  instrument,  and  from 
its  portability  is  osed  as  a  pocket  t«lcscope ;  when  constructed 
on  a  small'  scale  it  is  called  as  opera-glass.  It  possesses 
bnt  a  limited  field  from  the  dispersion  of  the  light  by  the 
concave  eye-glass,  and  has  not  a  great  magnifying  power ; 
yet  it  affords  a  distinct  and  clear  view  of  objects,  enlar^g 
their  proportjons,  and  is  used  in  observing  objects  on  the 
Burfacc  of  tho  earth. 

To  obtain  a  greater  magniiying  power  and  a  just  proportion 
of  the  objects,  "  aerial "  telescopes,  frequently  more  than  100 
feet  long,  were  at  one  time  used.  The  object-lens  was  fixed 
on  a  pole  in  a  frame,  and  moved  by  means  of  a  string  or  wire ; 
no  tnbe  was  used  excepting  one  tc  hold  the  object-glass,  with 
proper  arrangements  for  its  movement. 

The  size  of  an  object-glass  doefi  not  add  to  the  magnifying 
power,  but  merely  to  the  brilliancy  of  the  image  from  the 
greater  number  of  rays  diverging  from  it.  But  by  using  two 
plano-convex  lenses,  so  combined  as  to  be  like  one  glass,  the 
magnifying  power  and  field  of  view  are  increased. 

The  astronomical  telescope  dLffers  from  the  Galilean  in 
having  a  convex  eye-glass,  by  which  the  magnifying  power  is 
increased.  The  two  lenses  ks  andLE  (flg.  237)  are  placed  at 
the  opposite  end  of  two  tubes,  the  one  sliding  within  another ; 
the  former  of  which  is  called  the  olject-gla«3,  from  being  next 
the  object  ab;  and  the  latter  the  ^ye-f/tiss,  from  its  being  next 
the  eye,  placed  at  i :  the  lenses  are  of  unequal  focal  length, 
bat  BO  fixed  that  they  have  a  com.moa  axis,     a  b  is  the  object 

Ed  to  be  at  a  great  distance,  ti  s  the  object-glass,  behin^ 
and  B  little  beyond  its  focus  will  be  the  diminutin 
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of  the  ofajeet  viewed  at  r«. 
it  laagnififat,  tke  image  is 
seen  as  at  tke  dotted  arrow. 


Ksiatteoljeet- 

~  wader  the  ai|^ 

Thas  thea  ofaje^ 


Fig.  237. 

are  seen  in  an  inverted  position*  which  is  of  no  conseqinflaoe  in 
astronomical  observations.  It  is  nsoal  to  fix  the  object-gbai 
at  the  end  <^  a  tube  longer  than  its  focal  distanee,  axui  ts 
place  the  eye-glass  in  a  small  tnbe,  which  mnst  slide  ovit  of  and 
into  the  larger  tube,  for  the  purpose  of  adjusting  it  to  objects 
at  different  distances. 

The  magnifying  power  <^  this  kind  of  telescope,  named 
refracting,  ib  fonnd  bj  dividing  the  focal  distance  of  the  object- 
g^ass  by  the  focal  distance  of  the  eye-glass ;  thns,  if  the  &cal 
distance  of  the  object-glass  be  150  inches,  and  it  admit  of  an 
eye-glass  whose  focal  distance  is  3  inches,  the  150  divided  by 
3,  gives  50  for  the  number  of  times  the  telescope  will  magnify 
the  diameter  of  an  object. 

When  two  additionid  lenses  are  added  to  the  astronomical 
telescope,  it  then  becomes  a  terrestrial  telescope,  or  perspective 
glass,  and  objects  are  seen  by  it  in  their  right  position. 

A  B  (fig.  238)  is  the  object,  from  which  the  rays  of  light 


Fig.  238. 

pass  through  the  object  lens  l  e,  and  form  the  image  k  at  x, 
which  is  the  focus  of  the  lens  k  s,  from  whence,  having  crossed 
at  the  focus  f,  they  pass  on  to  the  next  glass  c  v,  and  in  passing 
it  they  are  converged  to  the  poiats  in  its  other  focus,  where 
they  form  an  erect  image  u  p  ;  and  as  this  is  the  focus  of  the 
eye-glass  o  y,  and  as  the  eye  when  at  i  is  at  the  same  distance 
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on  the  other  side,  the  image  is  men  through  the  eye-glass 
this  upright  position.     As  the  three  eye-glasses  havo  all  their 
focal  distances  equal,  the  magnifying  power  is  found  by  diyiding 
the  focal  distaoce  of  the  object-glass  by  the  focal  distance  of 
any  of  the  eye-glasses. 

In  the  year  1663  a  young  man  of  the  name  of  Jamca 
Gregory  pablished  a  work  pointing  out  the  defects  of  the 
re&Bcting  telescopes,  and  proposing  the  substitution  of  a 
metallic  speculum  for  the  object-glass,  on  which  to  receive  the 
image  and  reflect  it  tewards  a  small  speculum  of  the  same 
material.  Want  of  means  or  mechanical  abihty  caused  this 
idea  to  remain  dormant  until  1672,  when  Sir  Isaac  Newton, 
fading  that  the  errora  arising  from  the  refrangibility  of  light 
were  greater  than  those  from  reflexion,  formed  two  reflecting 
teleecopes  on  the  principle,  though  not  quite  the  plan  of 
Gregory.  These  were  only  six  inches  long,  but  equal  to  a 
refractor  of  six  feet ;  the  reflecting  telescope  admitting  of  an 
oye-glaaa  of  a  shorter  focal  distance  than  a  similar  refractor, 
its  magnifying  powers  are  increased. 

In  the  Gregorian  telescope  u  m  (fig.  239)  are  the  concave 


metftUie  mirrors  fonning  together  a  speculum ;  the  small 
arrow  represents  the  inverted  image  formed  by  it  of  the  object 
proceeding  from  raysrrrr.  This  image  iar^eeted  again  by 
another  small  concave  speculum  ts  placed  before  the  great 
apecalam,  and  in  its  axis,  and  thus  it  forms  the  erect  im^e  s, 
wbich  to  an  eyo  at  p  will  appear  magnifled.  The  small  speculum 
is  adJDsted  by  means  of  a  screw  and  rod  h  d,  which  is  fltted  on 
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the  outside  of  the  body^tttt.  The  image  mig^t  have  been 
viewed  and  magnified  by  the  conyex  eye-glass  at  T  aloney  but 
it  is  generally  preferred  to  receive  the  converging  lays  upon  a 
lens  n,  called  llie  field-glass,  which  hastens  tinmr  convergense 
and  forms  the  image  in  the  focns  of  the  lens  p,  by  whidh  they 
are  magnified  and  rendered  more  distinct.  This  telescope  pos- 
sesses die  advantage  of  being  capable  of  direction  in  tiie  line 
of  sight  towards  the  object,  as  well  as  the  objects  being  seeo^ 
npright ;  but  from  the  hole  in  the  middle  of  tiie  object-speon- 
lam,  the  quantity  of  light  is  diminished,  and  the  objects  less 
distinctly  seen. 

In  the  Newtonian  reflecting  telescope,  the  large  concave 
speculum  ee  (fig.  240)  is  placed  at  the  end  of  the  tube;  the 


Fig.  240. 

rays  proceed  from  the  object  a  &  to  the  speculum  e  c,  and  are 
reflected  to  the  mirror  e  e,  supported  or  hung  by/;  and  from 
thence  at  right  angles  to  the  double-convex  lens  g,  where  they 
are  refracted  to  the  eye  at  i.  If  the  small  mirror  e  e  was  dis- 
pensed with,  the  rays  from  n  o  would  converge  to  d,  at  which 
place  the  eye  of  the  observer  would  see  the  image  of  the  object 
a  h ;  but  as  his  head  would  intercept  a  portion  of  the  rayS,  the 
small  speculum  e  e,  and  convex  lens  g,  are  arranged  as  in  the 
diagram. 

^e  gigantic  telescope  at  Slough  near  Windsor  was  after 
several  failures  completed  by  Sir  William  Herschel  in  1789, 
and  magnifies  6450  times.  With  this  a  satellite  of  Saturn 
was  instantly  discovered,  and  also  a  new  planet,  which  received 


KiJiaraeof  Herecliel.  The  tube  of  this  remarkaUe  inatni- 
a  3y  feet  4  inches  long,  its  diameter  4  feet  10  inches. 
"Hie  great  metal  mirror  is  49^  inches  in  diameter,  but  the 
poliBhed  surface  only  48  inches,  its  thickness  3}^  inches,  and 
Ub  weight  before  being  polished  211ii  lbs.  It  magniSea 
objeets  nearly  7000  tim.es,  and  brought  36,500  times  as  much 
light  into  the  eye  as  would  have  been  derived,  ■without  such 
Old,  &om  the  object.  At  the  open  upper  end  of  the  tube  which 
is  directed  to  the  heavens,  the  observer  sits  with  his  baclc  to 
tlio  object  investigated,  which  he  sees  by  rays  reflected  from 
the  great  mirror  through  the  eye-glass  at  the  opening  OE  One 
side  of  the  tube  (fig.  241) ;  s  is  the  speculum  set  at  such  tin 


Fig.  241- 
inotion  to  the  axis  of  the  tube  which  contains  it,  that  the 
1  image  a  which  is  formed  of  an  object  he  is  projected 
1b  ths  e^e  of  the  tube :  d  is  the  eye-giass  through  which 
e  would  see  the  enlarged  image /j, 
*A  triumph  in  reflecting  telescopes  has  been  accomplished  hy 
Hie  energy,  genius,  and  wealth  of  Lord  Hosae ;  the  description. 
of  which  wonderful  piece  of  scientific  mechanism  wo  taks 
from  the  'Iliustrated  London  News.' 

"  The  diameter  of  the  large  speculum  is  6  feet,  its  thickness 
Sj  inches,  its  weight  3|  tons,  and  ita  eompositioa  L26  parts 
of  copper  to  57 j  parts  of  tin ;  its  focal  length  is  54  feet :  the 
tube  is  of  deal ;  its  lower  part,  that  in  which  the  speculum  is 
placed,  is  a  cube  of  S  feet ;  the  circular  part  of  the  tube  is  at 
its  centre  7^  feet  diameter,  and  at  its  estremitiea  6^  feet. 
The  telescope  lies  between  two  stone  walls,  about  71  feet  from 
nortb  to  south,  about  50  feet  high,  and  about  ^3  feet  asunder. 
These  walls  are,  as  nearly  as  possible,  parallel  with  the 
meridian. 

"  In  the  interior  face  of  the  eastern  wall,  a  very  strong  iron 
tm,  <}£  about  43  feet  radius,  is  firmly  fixed,  provided,  however, 
ffittmiUustments,  whereby  its  surface  facing  the  telescope  maj^ 
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he  Bct  Ycry  accurately  in  the  plane  of  the  meridian — a 
of  the  greatoBt  importance,  seeing  that  by  the  contact  viSiil' 
o£  rollers  attached  \o  one  extremity  of  a  quadrangalaP  bat. 
which  slides  through  a  metal  box  fixed  to  the  under  pattl^ 
the  telescope  tube,  a  lew  feet  from  the  object  end  of'lfei 
latter,  whilst  its  other  estretnity  remains  free,  the  po«i)i<ni(d 
the  telescope  in  the  meridian  is  aeoured,  or  any  deviation  £ 
it  easily  determined;  for  on  this  bar  lines  are  drawn, 
interval  between  any  adjoining  two  of  which  corre^ondi  R 
line  minute  of  time  at  tho  equator.     The  tube  and 
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induding  the  bed  on  which  tho  latter  resfa,  weigh  about  16 
tons. 

'■  The  telescope  rests  on  a  nniveraal  Joint,  placed  in  masonry 
about  C  feet  below  the  groimd,  and  ia  elevated  or  depressed  by 
a  dioin  and  windlass ;  and  although  it  weighs  about  15  tons, 
the  instniinont  is  raised  by  two  men  with  great  facility.  Of 
ODitrse,  it  is  counterpoised  in  every  direction. 

"  The  observer,  when  at  work,  stands  in  one  o^  four  galle- 
itos,  the  three  highest  of  which  are  drawn  out  from  the 
western  wall,  whilst  the  fourth,  or  lowest,  has  for  its  base  an 
(^vating  platform,  along  the  horizontal  surface  of  which  a 
g^ery  slides  from  wail  to  wall  by  machiflery  within  the 
observer's  reach,  and  which  a  child  may  work. 

"  ^Tion  the  telescope  is  about  half  an  hour  oast  of  the  meri- 
dian, tho  galleries  hanging  over  the  gap  between  the  walls 
present  to  a  spectator  below  an  appearance  somewhat  doit- 
gerouB ;  yet  the  observer,  with  common  pmdence,  ia  as  safe  as 
on  tbo  ground,  and  each  of  the  galleries  can  be  drawn  from  the 
wall  to  tho  telescope's  side  ao  readily,  that  the  observer  needs 
no  one  else  to  move  it  for  him. 

"  The  telescope  lying  at  its  least  altitude  can  be  raised  to 
the  Kenitb.  by  the  two  men  at  th«  windlass  in  six  minutes : 
and  so  manageable  is  tho  enormous  mass,  that,  by  giving  the 
right  asceasion  and  declination  of  any  celestial  object  between 
these  points,  the  object  can  be  brought  into  the  field  of  the 
telescope  within  eight  minutes  from  the  first  attempt  to  raise  it. 

"  'WTien  the  observer  has  found  tho  object,  he  must  at  pre- 
sent follow  it  by  rackwork  witbin  his  reach.  As  yet  it  has  no 
equatorial  motion,  but  it  very  shortly  will:  and  at  no  verj- 
distant  day  clockwork  will  be  connected  with  it,  when  the 
observer  will,  whilst  observing,  be  abnost  as  comfortable  as  if 
he  were  reading  at  a  desk  by  his  fireside. 

"Fig.  243  is  a  sectional  view  taken  inside  of  the  eastern 
wall,  with  all  the  machinery,  i  is  the  mason-work  in  the 
ground;  b  the  universal  joint,  which  allows  the  tube  to 
tarn  in  all  directjons  ;  c  the  speculum  ui  its  box ;  d  the  tube ; 
B  lie  eye-piece ;  s  the  moveable  pulley  ;  a  tlie  fixed  one ;  a  the 
chain  from  the  rado  of  the  tube ;  i  the  chain  from  the  beam  ; 
X  the  counterpoise;  l  the  lever;  m  the  chain  connecting  it 
with  tho  tube ;  z  the  chain  which  passes  from  the  tube  to  the 
windlass  over  a  pulley  on  a  truss-beam,  which  nins  bom  w  to 
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the  same  situation  im  the  opposite  wall — the  pulley  is  not  Been  ; 
X  is  a  railroad  on  which  the  speculum  is  druwn  either  to  or 
from  its  boK — part  is  cnt  away  to  show  the  eounterpoiso.  The 
dotted  line  a  represents  the  course  of  the  weight  e  as  the  tube 
rises  or  falls ;  it  is  a  segment  of  a  circle,  of  which  the  chain  i 
iB  the  radius. 

"  With  a  httlo  attention  to  these  several  points,  the  working 
of  the  machinery  will  bo  easily  comprehended.  The  weight 
cm  the  lever  l  sinks  only  15  foot  under  the  horiBontal  posi- 
tion; it  then  rests  on  the  ground,  and  is,  of  course,  no  load 
OD  the  tube,  which  is,  when  this  happens,  30  degrees  above 
the  horizon.  Below  this  point  the  tube  is  sufficiently  heavy  to 
descend  when  the  windlass  unrolls  the  chain.  Then  suppose 
Uie  tube  makes  the  angle  of  30  degrees  with  the  horizon,  and 
t2ifttit  is  required  to  elevate  it,  the  windlass  is  turned,  and  the 
ohain  being  shortened,  the  desired  effect  is  produced ;  but  the 
labonr  of  this  would  be  immense  if  the  counterpoise  k  did  not 
assist ;  this  nearly  balancing  the  tube,  leaves  but  httle  exertion 
to  bo  made  at  the  windlass.  However,  the  weight  of  the 
tnbe,  according  as  it  ascends,  is  gradually  becoming  less  and 
less,  until  it  produces  no  strain  at  all  on  the  windlass  when  it 
is  quit«  upright.  This  must  evidently  be  the  ease  from  the 
ttrSt  principles  of  mechanics  ;  for  making  the  tube  a  lever,  the 
l^igth  of  its  arm  coatinuolly  decreases  as  it  approaches  the 
perpen^eular ;  therefore,  if  the  counterpoise  continued  the 
same  'weight  on  the  tube  towards  the  end  as  it  was  in  the 
commencement  of  the  ascent,  it  would  bo  too  heavy,  and  would 
keep  it  in  its  perpendicular  position,  In  fiict,  the  counterpoise 
must  become  lighter  as  gradually  and  as  evenly  as  the  tube 
itself,  in  order  to  continue  to  be  just  the  same  support  to  it  all 
through  its  movement.  The  plan  adopted  to  effect  this  is 
beautifully  simple :  a  weight,  hanging  freely  in  a  perpendicular 
direction,  exerts  its  greatest  force  on  the  suspending  point ;  if 
it  be  moved  from  the  perpendicular,  as  much  power  as  is  re- 
quired to  effect  this  is  taken  off  from  the  same  point ;  as  will 
be  evident  to  any  person  pushing  aside  a  hanging  body,  he 
mitet  apply  a  certain  degree  of  force  to  keep  it  out  of  its  per- 
pendicular pomtion ;  and  this  might  be  mathematically  proved 
to  amount  to  exactly  the  degree  of  weight  that  is  taken  off  the 
point  from  which  the  body  hangs.  How,  it  will  easily  be  seen, 
when  the  tube  is  ascending  and  losing  its  weight,  also  len^liea.- 
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iiig  tho  chiuo  H,  Ihnt  on  uocount  of  the  chain  i,  vhoae  len^ 
is  always  constant,  tho  iiountcrpoiso  K  is  moving  from  the  per- 
pendicular position  undor  a,  and  therefore  losing  its  power  on 
tho  tuho,  and  apjiroaching  tho  perpendicular  under  w,  and  for 
this  reason  transforriug  all  its  weight  to  the  &(ed  ckami; 
when  the  tube  posses  the  perpendicular,  the  chain  H  is  again 
shortened,  and  the  counterpoise  begins  once  more  to  dnw  it 
bock ;  so  tlint  tho  action  of  this  tends  to  keep  the  ta1)c  always 
upright  to  whatever  side  it  may  point,  and  tt^  power  is  alwaj^ 
equal  to  the  varying  weight.  Under  these  oircuinBtaECca,  we 
see  how  eo^y  and  evenly  the  windlass  con  elevate  the  tele* 
scope  and  turn  it  to  the  north  ;  but  when  it  arrives  there  it 
must  be  brought  hack  again  ;  and  this  is  accomplished  by  tliei 
lever  l.  As  we  have  seen  that  the  action  of  the  tnhe  ud 
counterpoise  is  so  regulated,  that  in  all  positions  the  wci^tSi 
although  always  changing,  ore  equal  to  one  another,  so  moat 
the  weight  of  the  lever  vary  with  its  position  in  order  to  be  a 
perfect  balance  on  the  tube ;  and  this  it  evidently  doee.  Wb 
seud.  that  when  the  tube  was  perpendicular  tho  weight  oaQi6 
lever  is  most  effective,  for  it  is  at  the  furthest  distance  it  OBh 
bo  from  tho  support ;  it  therefore  pulls  down  the  tube  irheit> 
tho  windlass  is  unrolled ;  hut  we  saw  that  the  tube  as  it  de- 
scends increases  its  weight;  so  that  if  the  lever  contiinwi 
acting  with  the  same  power  with  which  it  commenced,  Utt 
weight  of  both  would  he  constantly  increasing ;  this  is  pre- 
vented by  the  lever  losing  its  force  as  it  fells ;  for  the  w^^t' 
thereby,  of  courae,  approaches  the  support,  and  cannot  b&sO 
active ;  but  the  approach  to  the  support  by  its  descent  le  W 
regulated  to  the  increasing  distaneo  of  the  end  of  the  tube  in 
its  descent  by  tho  chain  u,  that  in  the  same  degree  as  the  Istter 
gains  weight  the  former  loses  it ;  and  in  this  manner  theie  ia 
a  constant  equilibrium  kept  up  between  them.  When  tha 
tube  reaches  within  30  degrees  of  the  horizon  the  lever  tqsH 
on  the  ground,  and  the  tube  is  thence  able  to  descend  hy  itt 
own  weight.  When  the  tuho  points  to  the  north,  tho  leyar  ia 
elevated  above  the  horixon,  and  has  not,  of  course,  so  mndk 
power  as  when  it  coincided  with  it ;  but  it  is  in  this  uM 
helped  by  the  counterpoise  e.  which  always  tends  to  bring  ihs 
tuhe  to  the  perpendicular.  This  continues  to  help  it  nntil  it 
becomes  itself  sufficiently  able.  &om  its  horizontal  podtiODj  itfr 
do  all  tho  work ;  it  then  commences  opposing  it ;  hut  it  nOW 
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fa&s  the  help  of  the  incrcaang  weight  of  the  tuhe  itself;  and 
80  all  the  porta  are  elegantly  blended  into  one  another  with  the 
most  perfect  concord  and  effirfency. 

"  The  manner  in  which  the  tube  is  moved  from  wall  to  wall 
is  aceompliahed  bj  tho  ratehet  and  wheel  at  b,  in  fig.  243 ; 
liie  wheel  13  turned  by  the  handle  0,  and  the  ratchet  is 
fixed  to  the  circle  in  the  wall.  The  ladders  in  front,  as  shown 
in  fig.  242,  enable  the  obseirer  to  follow  the  tuhe  in  its 
(wcent  to  where  the  gaUorioa  on  tho  aide-waU.  commence : 
tltose  side -galleries  are  three  in  number,  and  eauh  can  be 
moved  from  wall  to  wall  by  the  observer,  after  the  tuhe,  tho 
motion  of  which  he  also  accompanies  bymoanaof  tiie  handle  0." 

It  haa  been  shown,  that  when  light  is  bent  by  a  oonves 
lens,  there  is  a  alight  aeparation  of  tho  priamatie  colours, 
whieh  tinges  tho  extremities  of  the  objects  viewed;  this 
causes  a  serious  indistinctness,  which  Sir  Isaac  Newton  feared 
would  prevent  the  perfection  of  the  telescope.  To  remedy 
tbifl,  Euler,  the  Swiss  philosopher,  from  an  eiamination  of 
the  human  eye,  recommended  the  adoption  of  a  double  object- 
glass  of  two  lenses,  having-  water  between  them.  This  led 
to  experiments  by  Mr.  Dollond,  a  celebrated  English  opii- 
dan,  to  discover  if  possible  a  transparent  medium  by  which 
there  would  bo  refraction  without  colour;  and  as  different 
kinds  of  glass  were  found  to  have  different  dispersive  and 
refeaetivc  powers,  it  was  thought  by  combining  two  all  the 
colours  might  be  refracted  equally.  For  this  purpose  Dollond 
thus  composed  his  lenses,  tho  convex  one  of  crown-glass  and 
the  concave  of  flint-glass  (fig.  244).  The 
refracting  angles  wore  inversely  1 
dispersive  powers  of  the  respoctivi 
the  concave  lens  preventing  the  dispersion 
of  colour  by  tho  convex,  while  there  was  ^S-  244. 

sufficient  convergence  of  the  rays  for  the  formation  of  the 
image,  and  thus  the  desideratum  was  accomplished.  Fig. 
345  better  explains  the  arrangement  necessary  to  correct  tho 
imperfection  spoken  of. 

In  thia  figure,  L  L  is  a  convex  lens  of  crown-glass,  and  1 1  a 
concave  one  of  ^nt-gloss.  A  ray  of  tho  sun  l  falls  at  F  on  the 
0(mvex  lens,  which  will  refract  it  exactly  in  the  same  manner 
Bthe  prism  arc,  whose  faces  touch  the  two  surfaces  of  thft 
W  at  tho  points  where  the  ray  enters  and  quits  it.     Thft  | 
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fiolar  ray  sf,  thus  refracted  by  the  lens  ll,  or  prism  abc, 
would  have  formed  a  speetmm  p  t  on  the  wall,  bad  thoe  been 
no  other  lens,  the  violet  ray  f  t  croesing  the  axis  of  the  lens  at 
T,  and  going  to  the  npper  end  p  of  the  spectmin,  and  the  red 
ray  f  r  going  to  the  lower  end  t.  But  as  the  flint-glass  lens 
//or  the  prism  Aac,  which  receiTes  the  rays  ft,  fs  at  tiie 
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same  points,  is  interposed,  these  rays  will  be  united  at/,  and 
form  a  small  circle  of  white  light ;  the  ray  s  f  of  the  sun  being 
now  refracted  without  colour  frt>m  its  primitive  direction  s  ft 
into  the  new  direction  f/.  In  like  manner,  the  corresponding 
ray  s'  f'  will  be  refracted  to/,  and  a  white  and  colourless  image 
of  the  sun  wiU  be  there  formed  bv  the  two  lenses. 

In  this  combination  of  lenses,  it  is  evident  that  the  ohio- 
matic  aberration  of  the  flint -lens  corrects  to  a  considerable 
dt^ree  that  of  the  crown  one,  and,  by  a  proper  adjustment  of 
the  radii  of  the  surfaces,  it  may  be  almost  wholly  removed. 
DoUond  named  his  telescopes  achromatic,  from  two  Greek  words 
meaning  without  colour. 

Dr.  August  gives  the  following  method  of  estimating  the 
magnifying  power  of  telescopes,  and  the  extent  of  their  field 
of  vision.  The  magnifying  powers  may  be  estimated  pretty 
nearly  by  looking  at  the  same  object  wifb  one  eye  through  the 
telescope  and  with  the  other  naked,  and  comparing  the  appa- 
rent magnitudes  of  the  two  images.  This  measurement  may 
be  rendered  still  more  exact  if  any  kind  of  telescope,  except  a 
Galilean,  be  pointed  towards  a  clear  part  of  the  sky,  and  a  leaf 
of  thin  paper  or  transparent  horn  be  held  behind  the  last  eye- 
glass, at  the  spot  where  the  eve  is  ordinarily  placed ;  a  bright, 
strongly  defined  luminous  circle  will  be  visible  on  the  truis- 
parent  plate,  supposing  it  to  be  held  at  the  right  spot. 
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its  diaiaetcf  es  aconrfitely  as  pot^sible,  and  then 
tho  width  of  the  object-glaBS,  nsing  the  same  scale  in 
each  case  ;  divide  its  diameter  by  that  of  the  luminous  spot, 
and  the  quotient  will  ff.ve  the  magnifying  power  of  the  telescope. 

The  luminous  circle  ia,  in  fact,  an  image  of  the  object-glusa 
itaelf,  whence  it  ma;  be  proYed  that  it  is  contained  in  the 
diameter  of  the  object-glass  as  many  times  as  ore  equal  to  the 
magnifying  power  of  the  telescope.  The  object-glass  may  be 
taken  out,  and  a  lim,  or  annulus,  having  exactly  the  some 
opening  aa  will  be  equal  to  the  cirote  of  light,  ]iut  in  its  place ; 
the  quantity  of  light  will  be  increased,  and  the  images  of 
objects  rendered  more  distinct  by  this  alteration.  Kamsden 
contrived  a  little  instrument,  to  vphich  hu  gave  the  name  of 
dynamometer,  for  measuring  the  powers  of  telescopes, 

The  field  of  a  telescope  may  be  estimated  by  comparing  its 
diameter  with  the  apparent  diameter  of  Bomo  object  viewed 
through  the  telescope.  In  the  eboiee  of  an  object,  one  should 
be  selected  whose  apparent  diameter  is  already  known  to  us ; 
that  of  the  sun  or  moon  will  answer  the  purpose  weU ;  they 
are  both  equal,  or  very  nearly  so,  the  apparent  difference 
amoaating  only  to  half  a  degree,  or  30  minutes.  Or  the  field 
may  be  measured  by  directing  the  telescope  to  some  star  in  or 
very  near  to  the  equator,  care  being  taken  that  it  shall  pass 
over  the  middle  at  the  field,  and  then  count  the  number  of 
seconds  which  elapse  during  its  passage :  four  seconds  of  time 
will  make  an  angle  of  one  minute  for  the  field  of  vision.  Por 
a  full  description  of  the  uses  and  wonders  of  the  telescope,  we 
to  refer  to  Hind's  '  Astronomy,' formingone  of  this  series  of 
itional  books,  and  of  which  a  new  edition  is  in  the  press. 
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The  position  of  a  body  on  a  plane  surface,  as  this  sheet  of 
paper,  is  defined  by  its  distances  froni  two  definite  points,  or 
two  fixed  lines,  generally  at  right  angles  to  each  other,  in  tho 
same  plane.  In  a  similar  manner,  the  position  of  a  body  on  a 
round  or  spherical  sorfaco  may  be  defined  by  means  of  its 
angular  distances  from  two  points,  or  from  two  points  situated 
in  two  great  circles  of  the  spheres,  as  the  longitude  of  a  place 
on  the  earth's  sarfaco  is  its  angular  distance  from  an  asanmed 
meridian ,  and  its  latitude  the  angular  distance  from  the  equator. 
The  intereeution  of  these  two  luies  determines  tho  exact  poei- 
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tion  of  any  proposed  point  on  the  earth^s  surface ;  so,  in  like 
manner,  Uie  right  ascension  of  a  heavenly  object  is  its  angnlar 
distance  measured  along  the  equator  from  that  point  in  the 
heavens  where  the  plane  of  the  ecliptic  intersects  that  of  the 
equator,  and  which  point  is  called  the  first  point  of  Aries. 

The  declination  is  the  angular  distance  of  the  object  from  the 
equator,  and  is  north  or  south  according  as  the  position  of  the 
object  is  north  or  south  of  the  equator ;  the  intersection  of 
this  distance  with  that  of  the  right  ascension  indicates  the 
place  of  the  heavenly  body.  The  angular  distance  from  the 
pole  is  called  the  polar  distance,  and  if  measured  from  the 
North  Pole,  the  north  polar  distance.  The  pole  is  a  better 
point  to  measure  frt>m  than  the  equator,  as  there  is  no  con- 
sideration respecting  north  and  south.  It  is  the  main  business 
of  an  astronomical  observatory  to  determine  these  two  ele- 
ments, viz.  right  ascension  and  declination,  or  north  polar 
distance  of  the  sun,  moon,  planets,  stars,  and  comets. 

Perhaps  it  would  be  well  to  speak  here  of  the  instruments 
employed,  and  to  describe  the  method  of  their  use. 

If  we  visit  an  observatory,  we  shall  find  in  one  apartment 
the  transit  instrument,  which  is  devoted  to  the  determination 
of  one  of  these  elements ;  and  in  another  apartment  the  mural' 
circle,  which  instrument  is  devoted  to  the  determination  of 
the  other  element. 

The  transit  instrument  (fig.  246)  consists  of  an  achromatic 
telescope,  to  which  is  firmly  fixed  a  doubly  conical  and  hori- 
zontal axis,  at  right  angles  to  the  optical  axis  of  the  telescope ; 
the  extremities  of  the  axis  are  even-turned  pivots  of  steel  or 
beU-metal,  which  rest  on  angular  bearings  called  Y's,  firmly 
attached  to  the  inner  faces  of  two  solid  stone  piers,  in  such 
positions  that  the  axis  of  the  instrument  is  horizontal,  or 
nearly  so,  and  such  that  the  telescope  can  move  in  the  meridian 
only,  or  very  nearly  so.  The  axis  has  two  adjustments,  one 
for  making  it  horizontal,  and  the  other  for  adjusting  the  tele- 
scope to  the  meridian.  Two  circles  are  placed  near  the  eye  end 
of  the  telescope,  furnished  with  verniers,  to  which  a  small  level 
is  attached,  the  purpose  of  which  is  to  enable  the  observer  to 
direct  the  telescope  to  any  meridian  altitude. 

On  looking  into  the  telescope,  a  set  of  vertical  lines  (techni- 
cally called  wires)  is  seen,  five  or  seven  in  number,  and  crossed 
at  right  angles  by  one  or  two  horizontal  wires.    These  lines 
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B  fine  cobwebs,  or  fine  threada  fisod  in  the  telescope  to  a 
I,  very  near  the  eye :  the  stars  are  aeen  to  pass  them 
isively  from  one  to  the  other,  and  across  the  field. 


Fig.  246. 
iTear  the  transit  inatrament  is  placed  a  clock,  called  the 
(insit  Clock,  adjusted  to  sidereal  time,  by  making  its  indica- 
tions of  twenty-i'our  hours  coircBpond,  or  very  nearly  so,  with 
the  interval  of  time  between  the  cojisocutive  pasfiages  of  the 
uame  star  over  the  meridian ;  oao  duty  of  the  transit  instra- 
int  is  to  regulato  the  clock.  On  loolong  at  an  object  through 
eloscope,  the  object  itself  is  not  seen,  bat  only  its  image 
d  at  the  focus  of  the  object-gluss.    This  image,  in  respect 
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to  the  object,  is  inverted ;  and  thus  the  upper  or  lower  li 
the  sun,  moon,  or  planets,  &c,,  appeurs  the  lower  and  uppor 
respectively,  aa  seen  through  the  teleseope  ;  aUo  the  direcdon 
of  their  motions  is  reversed,  causing  all  heavenly  bodies  to 
appear  to  move  from  west  to  east.  This  is  oxpliuned  byJJ  " 
rilcillowiDg  diagram  : — 


of  the 

^^_  appeal 
^^Kiollow: 

I 


Fig.  247. 
(fig,  247)  be  a  diatojit  object,  en  an  object-gla 
focus,  0  H  the  eye-glass.  A  ray  of  light  proceed' 
B  falls  on  the  object-glase,  is  refracted  or  bent  by  r . 
turned  in  the  direction  f.  The  ray  from  a  proceeds  as  K 
described,  and  meets  the  eye-glass  at  its  lower  part ;  in  USB 
manner  that  at  b  meets  the  eye-glass  at  its  higher  part :  thna 
the  image  of  the  object  ab  is  inverted.  In  like  manner  rayg 
proceeding  from  the  sides  of  the  object  are  inverted,  and  henea 
the  motions  of  the  heavenly  bodies  are  reversed. 

On  looking  at  a  star  with  the  naked  eye  (to  the  south),  tho 
star  passes  from  left  to  right,  but  on  looking  into  the  telescope, 
the  image  of  the  star  is  seen  to  enter  at  the  right  hand,  and 
to  pass  over  the  wires  in  succession  from  right  to  left.  Hie 
motion  of  oU  stars,  as  magniAed  by  the  telescope,  is  sensible; 
those  situated  near  the  equator  move  very  quickly. 

On  a  star  approaching  the  meridian,  the  observer  having 
directed  the  telescope  to  that  part  of  the  heavens  over  which 
it  win  pass,  looks  in  and  sees  both  the  wires  and  the  image  of 
the  star.  He  then  listens  to  and  counts  the  beats  of  the  clock 
recording  the  second  and  tenth  part  of  the  second  in  a  record- 
ing book,  held  in  his  hand,  as  the  star  passes  each  of  the 
separate  wires  (fig.  246).  By  taking  the  mean  or  average 
of  these  tiniea,  the  time  is  determined  when  the  star  was 
on  the  meridian.  In  a  similar  manner  he  observes  the  aun, 
I,  planets,  Sa,,  and  thus  finds  the  time  of  the  clock  at 


■which  they  severallr  pass  the  meridian.  If  now  tho  inBtni- 
ment  and  the  clock  were  all  without  error,  these  timea  would 
be  the  right  ascensione  of  the  ohjccts  observod,  coaditioiiB, 
however,  which  are  never  fulfiUad ;  to  the  times  thus  found 
email  corrections  are  to  be  applied,  for  the  deviations  of  the 
instrument  &om  perfect  adjuBtment,  and  for  dock  erroTB. 

Tho  clock  time  at  which  a  well-known  star  passes  the  meri- 
dian being  thus  found,  the  error  of  tho  dock  is  ascertained  by 
comparing  this  time  vrith  its  tabular  right  ascension,  published 
in  tho  '  Nautical  Almanac,'  and  based  upon  all  the  observa- 
tions made  upon  that  star  for  many  years.  Such  stars  are 
called  clock  stars ;  and  the  difference  found  between  the  dock 
lime  and  the  right  osconsion  of  the  star  gives  the  error  of  the 
dock,  and  so  true  time  is  found. 

If  the  clock  be  so  adjusted  that  the  same  time  be  shown 
two  consecutive  passages  of  the  same  star,  there  ia  no  clocfc 
rate,  and  the  error  of  tho  clock  would  be  applicable  to  ever] 
object  observed  between  these  times.  But  if  the  clock  does 
not  exactly  show  24  hours  in  this  interval,  the  difference  from 
3i  hours  becomes  known,  and  is  the  dodc's  daily  rate  ;  and  we 
can  calculate  a  due  and  proportionate  port  of  ttm  rate  at  the 
time  of  every  observation,  and  thus  obt^  the  same  results  as 
though  the  dock  were  accurately  adjusted.  The  error  of  the 
dock  becomes  tlius  known  at  the  time  of  every  observation,  and 
by  its  application  to  the  dock  time,  the  right  ascension  is 
determined. 

In  an  adjoining  apartment,  in  an  observatory,  will  be  found 
the  mural  circle.  Tho  instrument  is  in  appearance  like  3 
wheel :  *  (fig.  248)  is  a  stone  pi«r,  several  feet  in  thickness, 
upon  which  it  ia  supported.  ITie  cirde  turns  round  an  itTJ" 
which  passes  through  the  pier;  its  edge,  or  cyHndrical  rim,  ia 
divided  into  3fiO  equal  parts,  or  degrees,  and  each  degree 
is  subdivided  into  twelve  O'jual  parts,  and  therefore  into  five 
minutes  of  arc ;  thus  the  outer  rim  has  engraved  upon  it  4320 
lines,  on  a  baud  of  platinum.  The  accurate  division  of  this 
band  is  a  very  severe  test  of  tho  ability  of  the  instrument- 
maker.  To  tho  cirde  a  telescope  is  attached,  which,  from 
time  to  time,  can  be  moved  on  the  cirdo,  so  that  different 
parts  of  its  limb  may  bo  made  to  measure  the  same  arc  in  the 
heavens.  The  tdescopo  is  furnished  with  a  system  of 
similar  to  that  in  the  transit  inBtniment,     Its  eye  end 
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furnished  witii  a  wire  micrometer — an  apparatnfi  adapted  to 
the  moasuiement  of  small  angular  spaces. 


L 


I. 


— Tlic  llural  Circle. 


Fig.  248.- 

The  micrometer  consiats  of  a  moving  frame,  across  which 
one  or  more  wires  are  stretched,  as  shown  in  figure  249.  The 
whole  is  moved  by  the  screw,  and  kept  in  position  by  an  op- 
posing spring  6 ;  the  screw  carries  a  head  divided  into  a  cer- 
tain number  of  parts  (usually  60  or  100),  one  side  of  the  box 
in  which  it  is  enclosed  being  removed,  te  show  its  action. 

The  mural  circle,  with  its  telescope,  turns  round  on  an  axis 
which  passes  through  the  pier,  which  faces  to  the  east  or  west ; 
and  consequently,  like  the  transit  instrument,  can  more  only  in 
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the  meridian  ;  objects,  therefore,  can  be  seen  only  ■whilst  they 
paas  the  meridian. 

On  the  face  of  the  pier  are  firmly  attached  aiK  microscopes 
placed  equidifittint  and  around  the  circle.  These  microscopeB 
are  directed  to  the  several 
divisions  on  the  band  of  pla- 
tinum ;  they  are  each  furnished 
with  a  wire  micrometer,  the 
heads  of  whicii  are  divided  into 
sixty  parts,  aa  shown  in  the 
accompanying  figure,  and  aro  so 
adjusted  that  five  tume  of  the 
micrometer  screw  cariiea  the 
cross  wire  from  one  division  on 
the  limb  to  the  next ;  as  these 
divisions  are  separated  by  five 
minutes  of  arc,  each  revolution 
of  the  screw  corresponds  to  one 
minute  of  arc.  The  micro- 
meter head,  carried  by  the 
screw,  is  divided  into  sixty 
parts,  and  therefore  each  part 
corresponda  to  one  second  of 
arc;  tiie  space  between  two  of 
the  parts  the  observer  mentally 
enbdividcs  into  ten  parts,  and 
thus  measures  to  the  tenth 
part  of  a  second  of  arc  arc 
noted.  On  looking  through 
the  microscopes  at  the  divisions 
on  the  limb,  the  following  is 
the  appearance  shown.     The  li'ig.  ^'J. 

teeth  on  the  left  hand  form  what  is  technically  called  the 
corab-plati'.  and  five  of  its  notehes  correspond  to  the  space  of 
five  minutes  on  the  hmb.  The  divisions  on  the  limb  of  the 
circle  are  shown  by  the  short  horizontal  lines ;  opposite  to  one 
of  these  divisions  to  the  right  is  a  single  dot,  opposite  to 
another  are  two  dots,  and  to  a  third  three  dots :  these  respect- 
iTely  show  the  value  of  those  divisions  to  be  fifteen  minutes, 
thirty  minutes,  and  forty-five  minutes  distant  from  the  pro- 
ecdiiig  whole  degree.    In  reading,  one  angle  of  the  cross  wires  I 
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of  the  micrometiT  is  bisoclod  by  ono  of  the  divisioii*  nn  ihc 
limit,  u  shown  in  fig.  1^30. 

The  ose  of  the  aevGral  microscopes  is  to  avoid  tho  eiror  wn- 
Beqiii;nt  on  Uio  use  of  one  otLty,  which 
might  be  caused  by  faulty  divisions  or 
imperfectionB  in  the  form  of  Che  circle. 

When  a  star  or  object  is  approach- 
ing the  meridian,  tho  obserrer  directs 
his  teleacqw  to  that  part  of  the 
heavens  over  which  it  will  -pass,  and 
bisects  the  star  by  the  micrometer 
horitontal  wire  when  it  is  situated  on 
or  near  the  middle  wire,  then  by 
reading  the  several   microscopes  he  Fig.  2,W. 

Hscertains  the  reiuling  of  tlie  circle  when  the  tele 
directed  to  this  star.  To  render  this  obeervation 
is  necesanry  to  know  the  reading  of  the  circle  when  th*l 
scope  is  directed  to  some  definite  place,  as  the  horizon,  &e ' 
zenith,  or  tho  pole :  this  point  from  which  to  measure  is  found 
by  the  use  of  a  trough  of  tncrcury,  and  is  as  follows : — ^The 
mercury  is  so  placed  that  on  the  star  approaching  the  meridisu 
its  reflected  image  can  be  seen  through  the  telescope,  and  an 
observation  made  as  above  described ;  by  the  time  the  star  has 
passed  the  meridian,  the  telescope  may  be  directed  to  tlie  s^r 
itself,  and  a  second  observatica  made.  In  the  former  observa- 
tion the  telescope  was  directed  to  a  point  as  much  depressed 
below  the  horizon,  as  in  the  latter  it  was  directed  to  a  point  ele- 
vatedabovo  the  horizon ;  and  &om  these  observations  the  reading 
of  the  circle,  when  the  telescope  is  directed  to  the  horizon,  may 
be  found.  If  to  thin  reading  90°  be  applied,  the  reading  will 
he  found  when  the  telescope  is  directed  to  the  zenith.  Ktbis 
be  used  as  a  starting-point  &om  which  to  measure,  then  lite 
difierence  between  this  reading  and  all  others  will  give  tiie 
apparent  angular  zenith  distance  of  the  several  objects  observed. 
It  is  necessary,  however,  to  remember  that  every  object  in  the 
heavens  appears  to  bo  too  high,  in  consequence  of  re&aotian. 
The  theory  of  refraction  it  maybe  as  well  to  refer  to  in  detail 
once  more.  A  ray  of  light  as  proceeding  from  a  star,  is  bentv 
so  as  to  form  a  smnUer  angle  with  a  perpendicular  to  the  bw^ 
fcce  of  the  earth,  and  this  bending  is  increased  till  the  ray 
reaches  the  earth's  surface,  and  tie  object  is  seen  in  the  dire»- 
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tion  of  the  last  bend  of  the  ray.  -caTismg  all  objects  to  apjiear 
higher  than  they  really  are.  This  ■will  be  better  understood  by 
reference  to  the  figure  251. 

Let  A  B,  0  B,  B  p,  B  H,  and  i  j  represent  portions  of  concentric 
strata  of  atmosphere,  A  ray  of  light  proceeding  from  a.  star  s, 
meets  successively  the  several  struta,  and  is  continually  bent 
at  a  different  angle  ;  till,  finally,  it  is  seen  in  the  direction  of 
so,  and  the  object  seems  to  occupy  the  position  s'.  The  in- 
crease of  density  of  the  atmosphere  on  approaching  the  earth 
follows  the  law  of  continuity;  so  that  the  ray,  in  traversing 
the  atmosphei-e,  eaters  at  every  instant  into  a  denser  medium ; 
its  true  path  is  therefore  curved,  as  shown  in  the  following 
diagram,  where  o  represents  the  place  of  an  observer  on  the 
sur&ce  of  the  earth,  z  his  zenith,  h  his  horizon,  a  the  place 
of  a  star  ;  the  path  of  the  ray  will  be  s  a  o,  and  the  star  will  be 
seen  in  the  direction  of  o  s',  and  not  o  s  ;  the  difference  between 


Fig.  2ol . 
the  angles  son  and  s'  o  n  is  what  is  called  atmospheric  refrac- 
tion, the  amount  of  which  is  to  be  calculated  for  every  ob- 
Borvation,  to  reduce  it  to  what  it  would  have  been  had  then 
been  no  atmoBpherc. 
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By  detormining  the  elevation  of  the  pole  star,  and  other 
stars  situate  near  the  pole,  above  the  horizon,  both  when  above 
and  below  the  pole,  the  true  place  of  the  pole  may  be  found ; 
and  consequently  the  north  polar  distance  of  all  objects  can 
be  ascertained  by  adding  to  the  true  zenith  distanoes  the 
angular  distance  of  the  pole  from  the  zenith,  or  the  co-latitade 
of  the  place  (fig.  252). 


fi 


Fig.  252. 

The  declination  is  found  by  taking  the  difference  between 
the  north  polar  distance  and  90°.  Thus,  by  the  use  of  the 
transit  instrument,  one  of  the  two  elements  to  determine  the 
place  of  a  celestial  object  is  obtained,  and  by  the  use  of  the 
mural  circle,  the  other  necessary  element  is  determined.  These 
being  found — in  the  case  of  the  old  planets,  are  compared  witii 
their  calculated  places,  and  the  differences  between  them, 
caUed  errors  of  tables,  form  the  basis  of  future  calculations  to 
free  the  tables  of  such  errors.  In  the  case  of  new  planets  and 
comets,  their  orbits  are,  in  the  first  place,  calculated  from  the 
observed  right  ascensions  and  north  polar  distances ;  and  the 
results  of  such  calculations  remain  for  comparison  with  fatoie 
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otiservatioiis,  trith  the  view  to  the  improTement  of  the  clemcuts 
of  &eir  orbite. 

Tht  Gyroscope, — ^The  phenomena  of  rotatory  motion,  and 
that  of  planetary  motion,  known,  to  aBtronomers  as  preetMion 
and  nutafton,  have  recently  been,  aptly  illustrated  by  thejyro- 
aeope,  an  instrument  coQ:3tructed,  and  more  recently  modified, 
by  M.  Foucault. 

The  name  of  the  instrument  is  derived  from  two  Greek 
worda,  the  one  denoting  to  (urn,  aad  the  other  to  view.  Every 
particle  of  a  disc  revolving  on  an.  asia  endeavours,  or  has  a 
teadency,  to  fly  therefrom,  on  account  of  centrifugal  force; 
but  diametrically  opposite  are  the  Rimilar  particles  exerting 
the  same  influence  on  the  axis.  This  force,  influencing  the 
asis  all  around,  causes  the  rotating  body  t«  tend  to  preserve  its 
plane  of  rotation,  and  with  the  sinB  of  the  rotatuig  body  it 
requires  a  considerahle  increasing  force  to  displace  its  asjs. 
This  fact  being  well  understood,  presents  the  key  to  the  fi- 
planation  of  all  the  experiments  that  the  instrument  is  capable 
of  exhibiting. 

When  the  disc  b  (fig.  253)  is  rapidly  rotating,  and  the 
Htand  D  is  turned,  the  axis  1 1  of  the  disc  b  will  constantly 
point  to  the  same  direction.  The  fric- 
tion of  the  vertical  flyia  must  he  con- 
sidered as  nothing ;  therefore,  the  i 
tendency  of  the  disc  to  keep  the  plane 
of  rotation  is  not  impeded,  and  no 
effect  is  produced  upon  the  same ;  and 
aimilar  is  the  case  when  the  gyro- 
scope is  taken  by  the  stand  and  moved 
in  any  direction.  Even  an  inclina- 
tion of  the  stand  d  in  the  plane  of  the 
axis  will  produce  no  effect :  i.  e.  if  the 
axis  stand  horizontally,  it  will  con- 
tinue to  do  80 ;  but,  attempting  to 
turn  the  semicircle  c  to  the  right  or 
to  tlie  left  band,  the  asis  of  the  disc 
wUl  take  up  ench  a  position  m  to 
ctnnrado  with  the  new  axis  which  the 
Otperiment^r  is  endeavouring  to  con- 
^"^  ,  In  snch  instance  two  forces  ore 
Dltsneously  summoned  into  ac- 
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tivitj — Uio  force  of  the  hand,  and  the  tendency  of  the  disc  to 
keep  the  plane  of  rotation ;  and  the  former  being  infinitely 
greater  than  the  latter,  the  disc  am  only  move  in  the  pre- 
scribed direction. 

If  the  semicircle  c  and  the  gymbal  a  be  connected  bymetuu 
of  a  milled-headod  screw  "x,  no  resistance  will  be  felt  either 
way.  The  same  will  bo  the  case  in  one  directioa  if  tha 
quadrant  g  be  attached  to  the  aemicirde  c ;  bnt  then  some 
other  phenomena  occur,  bocaOse  the  two  axes  are  at  right 
angles  with  each  other.  The  impossibility  of  the  one  foiM 
exerting  its  influence,  leares  the  other  force  &ee  to  act,  at 
though  the  other  wore  not  in  existence ;  but  the  force  ia  only 
apparently  lost,  for  a  slight  push  against  the  semicircle  vSl 
cause  the  instrument,  as  it  were,  to  revolve  round  the  stand  on 
the  table ;  that  is  to  say,  the  instrument  lifts  a  little  &om  the 
table,  and  plays  around  the  surface  of  the  stand.  In  this 
manner  the  force  that  is  stopped  by  the  quadrant  shows  again 
at  the  bottom  of  the  stand. 

If  a  weight  p  be  suspended  in  the  continuation  of  the  axis  m 
the  screws  l  l,  it  will  be  unatle  to  draw  the  same  down,  hut  will 
impart  a  slow  horizontal  motion  to  theapindle  m.  This  is  a  beau- 
tiful and  instructive  experiment ;  if  the  rotation  of  the  disc  be 
stopped,  the  weight  will  draw  it  down;  if  the  horizontal 
motion  of  the  semicircle  be  stopped,  the  weight  will  draw  the 
disc  down,  however  rapid  may  be  the  rotation ;  i,  e.  remove 
the  poasihiljty  that  the  compounded  effect  can  take  place,  and 
the  one  that  is  left  at  Hbcrty  will  act  as  though  the  other  had 
no  existence. 

This  remarkable  fact  bears  analogy  to  some  of  the  most 
important  truths  of  the  '  Mecanique  Celeste.'  If  the  rotation 
of  the  earth  were  stepped,  it  would  fall  upon  the  sim  ;  and  if 
the  possibility  of  tie  orbitual  revolution  of  tlie  earth  around 
the  sun  were  stopped,  it  would  fall  upon  the  eun,  notwil^ 
standing  its  axial  rotation.  ' 

When  the  ring  a  with  tlie  rotating  disc  b  is  detached  team 
the  semicircle  c,  by  lifting  the  screw  b,  and  s\i8pended  hy  b 
string  on  the  screw-hoad  i,  the  disc  will  stand  horizontally, 
and  whilst  so  suspended  it  "will  revolve  slowly  round  the  ens- 
pending  string  as  a  centre  of  motion ;  the  tendency  d[  tin 
rotating  body  to  keep  the  position  of  its  axis  is  so  great  as  tD 
resist  the  action  of  gravity  on  the  mass,  even  if  an  cqeM 
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vdgbt  be  suspended  on  the  opposite  screw-bead  i.  Another 
modificatioa  of  the  experiment  is  to  let  the  arrangement  rest 
aa  a  hook  n  in  the  continuation  of  the  axis  in  a  hollow  at- 
tached to  the  stand.  If  the  weight  be  changed  to  the  opposite 
ode,  the  semicircle  will  turn  to  the  opposite  direction. 

The  rotating  disc,  &eely  moved  in  all  directioas  bj  the 
laand,  will  famish  a  veiy  forcible  proof  of  the  resisting  force 
"which  is  opposed  to  any  endeavour  to  change  the  plane  of 
totstion ;  and  if  placed  with  the  screw-head  i.  on  the  table,  it 
'wHl  keep  itself  upright  like  a  spinning-top ;  and  if  the  friction 
between  the  screw-head  and  the  table  be  greater  than  between 
the  point  on  which  the  axis  turns,  the  ring  will  remain  sta- 
tionary. 

Close  to  the  axis,  on  the  disc,  is  a  milled  wheel,  which  can 
serve  as  a  means  of  calculating  the  number  of  revelations  in 
a  second.  I£  a  card  be  held  against  it,  a  musical  tone  is  pro- 
duced, which  win  rise  higher  with  the  rapidity  of  the  rotation : 
if  the  note  be  taken,  and  the  mimber  of  the  teeth  in  the 
milled  wheel  be  known,  the  number  of  the  rotations  can  be 
calculated  by  an  acoustical  table. 

[For  an  analytical  investigation  of  the  phenomena  exhibited 
by  the  gyroscope,  the  reader  is  referred  to  a  pajter  by  Mr. 
John  Bridge,  in  the  '  Philosophical  Magazine'  for  November 
1857.] 

TIte  Microscope. 

The  telescope  opened  out  to  man's  view  a  system  of  worlds 
and  an  extent  of  space  almost  too  large  to  be  grasped  by  hia 
intellect.  Another  optical  instrument,  the  microscope,  haa 
revealed  worlds  in  miniature,  so  ionnenso  in  numbers,  so  per- 
fect in  organization,  surrounding  man  in  all  space  and  matter, 
enjoying  their  eaistencea  and  performing  idl  the  duties  imposed 
upon  them  by  the  laws  of  nature,  and  yet  so  small  as  to  be 
hidden  from  the  unaided  eye.  By  the  microscope  also  the 
minntost  structure  of  all  matter  is  seen,  and  nothing  remains 
hid  from  its  piercing  scope. 

The  word  microscope  means,  to  see  what  ia  small.  The 
most  powerful  instruments  resemble  in  construction  an  inverted 
telescope ;  but  as  the  latter  forms  an  image  of  a  distant  object 
smaller  than  itself  in  proportion  as  the  (fiatance  of  the  image 
&x)m  the  glass  ia  less,  the  former  ha\'ing  a  amall  object  placed 


S74  «fTici. 

near  tho  (boiu  of  tbe  objoct-glasa  produces  a  more  £stiiiet 
image,  as  muoh  lai^r  than  iteelf  ns  tho  image  is  more  distant, 
for  which  purposes  there  ia  a  proper  adaptation  of  objeot- 
glasees,  that  of  the  telesoope  being  generally  large,  tiiat  «f  dift 
microscope  veiy  Bmall.  Th.ns,  if  the  fWl  diatance  of  an 
objeot-glaas  in  a  microscopo  "be  one-eighth  of  an  inch,  and  the 
object  be  so  situated  that  its  image  is  formed  at  six  iQCbea,  the 
image  will  bo  of  a  diameter  forty-eight  times  ns  great  aa  the 
object;  and  when  seen  throngh  an  eye-glass  of  half  an  inch 
fixnifl,  it  will  seem  magnified  twelve  timea  more,  or  30,CNXt 
times  larger  than  the  real  size  of  the  object. 


Fig.  254.~The  Compound  Miproacopc. 
s  we  cannot  see  smaU  objects  nearer  than  about  sis  inches, 
nake  use  of  glaBses  to  look  at  them  nearer  than  this  dU 
Etance,  because   the  appaiont  size   of  objects  is   measiiTod 
by  the  angle  under  which  they  are  seen  by  the  eye,  whioll 


Fig.  255. 


n.0  must  be  greater  or  lesa  as  the  object  ia  i 
e  distant ;  thus,  if  a  k  (fig.  255)  and  o  w  be  two  equal 
oDjecta,  one,  ow,  at  the  distance  of  "distinct  vision"  irom 
the  eye,  six  inches,  and  the  other,  a  k,  at  half   that  di- 
stance, tbftt  wo  may  be  able  to  ^ 
see  A  a  we  must  place  a  coavex 
lens  between  it  and  the  eje,  to 
cause  the  rays  proceeding  from 
the  object  to  pass  oat  of  the   ^^ 
lens,  and  thus  converge  to  a  ^•^ 
tbcua  on  the  retina  of  the  eye, 

"When  an  object  is  too  near 
the  eye  (fig.  256),  the  raj's  are 
too  ivergent  to  admit  of  di- 
stinct vision ;  hence,  by  apply- 
ing a  convex  lens  (fig.  257), 

the  rays  are  rendered  parallel  to  the  eye,  and  the  object  di- 
stinctly liaible ;  the  convex  lens 
becomes  a  single  microaeope. 

Microscopes  are  of  tiireo  kinds, 
t})e  single,  compoimd,  and  aolor. 

The  magnifying  power  of  the 
single   microscope    is  found  by  - 
dividing  the  distance  a  person 
seoB  at  best,  by  the  focal  distance 
of  the  lens ;  thna,  if  a  person  sees  ^-  ^57. 

an  object  well  at  6  inches,  and  the  focal  distance  of  the  lens 
be  -^gth  of  an  inch,  it  is  said  to  magniiy  lineally,  or  in  one 
direction,  60  times,  and  the  surfaces  will  be  magnified  60 
times  60,  or  3600  times. 

A  corapoinnd  achromatic  microscope  is  a  beautiful  piece  of 
workmanship,  possessed  of  aU  the  appliances  of  mechanical  sci- 
ence, and  lately  bronght  to  a  wonderful  state  of  perfection  (fig. 
254).  It  eonsisls  of  two  componnd  lenses,  by  one  of  which, 
the  object-glass,  an  image  is  formed  within  the  tube_  of  the 
microaeope ;  which  image  is  viewed  instead  of  the  object,  as 
re-magnified  by  the  second  lens,  the  eye-glass. 

A  section  of  a  modem  compound  achromatic  microscope,  ds 
manufactured  by  our  best  makore,  is  represented  by  fig.  25^, 
where  o  is  an  object;  above  it  ia  seen  the  triple  achromatic 
object-glaas,  and  in  connexion  with  it  e «,  //,  plano-convex 
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IrnecB,  « «  being  Ihe  o;e-f;Iass,  aud  //,  tho  fiold-Klass,  tuid 
between  tliem  at  bb  a  dark  spot  or  duiphrugm.  The  oonne 
of  tho  iight  18  shown  by  three  rays,  drawn  from  the  centre, 
and  three  from  each  end  of  tho  object  o ;  these  rays,  if  not 
prevonted  by  tho  lona  //,  or  the  diiiphragTn  at  h  b,  would 
ibrm  on  image  at  n  a ;  but  aa  they  meet  with  the  lens  ff 
in  their  passafte,  tUey  are  converged  by 
it  and  meet  at  b  b,  where  tho  diaphro^^ 
is  placed  to  intercept  all  the  light  except 
that  required  for  the  fonnntion  of  a  per- 
fect image ;  tho  imagB  at  i^  6  is  further 
magnified  by  the  lens  e  e,  as  if  it  were  an  • 
oriofinal  object. 

Mr.  Lister's  invcstigatioiis  in  the  year 
1829,  made  for  the  purpose  of  improving 
and  oorrccting  the  imperfections  of  the 
nbject-glassesof  thccomponndmicroaoope, 
led  tA  the  most  important  rcsnlts. 

In  the  improved  combination  the  dia- 
meter IB  only  sufficient  to  admit  the  proper 
pencil;  the  convex  lenses  are  wrought  to 
an  edge,  and  tho  concave  have  only  Buffi- 
dent  thickness  to  anpport  their  figure: 
consequently  the  combination  is  the  thin- 
nest poasihlo,  and  it  foIloWB  that  there 
will  be  the  greatest  distance  between  tho 
object  and  tho  object-glase.  The  focal 
length  is  -;^th  of  an  inch,  having  an  angular 
aperture  of  60°,  with  a  distance  of  j^th 
of  an  inch,  and  a  magni^^g  power  of 
970  times  linear,  with  perfect  definition  of 
the  most  difficult  test-objects. 

The  quality  of  the  definition  produced 
by  an  achromatic  compound  microscope 
will  depend  upon  the  accuracy  with  which 
the  aberrations,  both  chromatic  and  sphe- 
rical, are  balanced,  together  with  tho 
general  perfection  of  the  workmanship.  Kg.  S 

Now  in  WoUaston's  doublets  and  Holland's  triplets  thai 
no  means  of  prodncing  a  balance  of  the  aberrations,  aa  tiiB^''^ 
are  composed  of  convex  lenses  only ;  therefore  the  b^  thing '  [ 
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that  can  be  done  is  to  make  the  alieirstioaB  a  minimum.  The 
resnaining  positive  aberration  in  Qiese  forms  prodaces  its  pecu> 
liar  effect  upon  objects,  which  may  lead  to  misapprehension  of 
thfflr  true  structure;  but  with  the  achromatic  object-glass, 
where  the  aberi^tions  are  correctlj  balanced,  the  most  minute 
parts  of  an  object  are  accurately  displayed,  so  that  a  satisfac- 
tory judgment  of  their  character  may  be  formed.  When  an 
object  has  its  aberrations  balanced  for  viening  an  opake 
object,  and  it  is  required  to  examine  that  object  bj  transmitted 
light,  the  correction  will  remain ;  but  if  it  is  necessary  to 
immerse  tie  object  in  a  fluid,  or  to  cover  it  witJi  glass,  an 
aberration  arises  from  these  circumstances  which  will  diatnrb 
the  previous  correction,  and  consequently  deteriorate  the  defi- 
nition ;  and  this  defect  will  be  more  obvious  irom  the  increase 
of  distance  between  the  object  and  object-glass. 

The  triple  achromatic  eombinatiou  constructed  on  Mr.  Lis- 
ter'a  improved  plan,  although  capable  of  transmitting  large 
angular  pencils,  and  corrected  as  to  its  own  errors  of  spherical 
and  chromatic  aberration,  woiil<3,  nevertheless,  be  of  little 
Esrvice  without  an  eye-piece  of  peculiar  construction. 

"  It  is  difficnlt,"  saya  Mr.  Iloss,  "  to  convey  a  perfect  idea 
of  the  beautifiil  series  of  corrections  effected  by  the  eye-piece, 
and  which  were  first  pmnted  out  in  detail  in  a  paper  on  the 
subject,  published  by  Mr.  Variey,  in  the  fifty-firet  volume  of 
the  '  Trwieactions  of  the  Sociely  of  Arts.'  Tho  eye-piece  in 
question  was  invented  by  Hiiyghena  for  telescopes,  with  no 
other  view  than  that  of  dimimshing  the  spherical  aberration 
by  producjog  the  reiractions  at  two  glasses  instead  of  one,  and 
of  increasingtbe  field  of  view.  It  consists  of  two  plano-convex 
lenses,  with  their  plane  aides  towards  the  eye,  and  placed  at  a 
distance  apart  equal  to  half  the  sum  of  their  focal  lengths, 
with  a  stop  or  diaphragm  placed  midway  between  the  lenses. 
HuygheJis  was  not  aware  of  the  value  of  his  eye-piece ;  it 
was  reserved  for  Boaeovich  to  point  out  that  he  had,  by  this 
important  arrangement,  acddentaUy  corrected  a  great  port  of 
the  chromatic  aberration.  Let  fig.  259  represent  theHuyghe- 
nion  eye-piece  of  a  microscope,  pr  being  the  field-glass,  and 
E  E  the  eye-glaas,  end  l  m  n  the  two  extreme  rays  of  each  of 
tJie  three  pencils  emanating  from  the  centre  and  ends  of  the 
~  ^ect,  of  which  but  for  the  field-glass,  a  series  of  coloured 
IS  would  bo  formed  irom  b  b  to  b  b  ;  those  near  b  b  being 
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red,  those  near  b  b  blue,  and  the  intermediate  ones  green, 
yeUow.  and  so  un,  uorrcspondiiig  nith  the  coluuia  of  die  pria- 
matio  Bpwjtrura.  This  order  of  colours  ia  the  reverse  of  tJiat 
of  the  common  compound  microscope,  in  which  ti\e  unglia 
obJFct-g]asB  projects  the  red  image  beyond  the  blue, 

"  The  efEett  just  described,  of  projecting  the  blue  imegB 
bej'ond  the  red,   is   pur-j 
poaely  produced  for  rea- 1 
sons  presently  to  be  given,  r 
and  ia    colled    over-i^r- 1 
recting   the  '  objcct-giaas  I 
as  to  colour.     It  is  to  be  I 
observed    also,    that  the  H 
images   a  n    and  r  k 
curved  in  thewrong  direc- 
tion to  he  distinctly  ai 
by  a  convex  eye-lens,  and  I 
this  ia  a  tiirther  defect  of  I 
the  compound  microscope  I 
of  two  lenses.     But  thc| 
field -glass,  at  the  same 
time  that  it  bends  the  rays 
and  converges  them  to  fiiii 
at  d'  b'  and  B'  h',  also  re- 
veraea  the  curvature  of  the 
images  as  there  shown.  I 
and  gives  them  the  fonn  I 
b^t  adapted  for  distinct  I 
vision  by  the  eye-glassEB.  ' 
The  field-glass  has  at  the  ^'S-  ^o9. 

same  time  brought  the  blut?  and  red  images  cloaer  together,  so 
that  they  are  adapted  to  pass  uncoloured  throi^h  the  eye- 
glass. To  render  this  important  point  more  intelligible,  let  it 
he  supposed  that  the  object-glasB  had  not  been  over-corrected, 
that  it  had  been  perfectly  achromatic ;  the  raya  would  then 
have  become  coloured  as  aoon  aa  they  had  passed  the  field- 
glass:  the  blue  rays,  to  take  the  central  pencil,  for  example, 
would  convei^  at  6,  and  the  red  raya  at  r,  which  is  just  the 
reverse  of  what  the  eye-lens  requires ;  for  as  its  blue  focus  is 
also  shorter  than  its  red,  it  would  demand  rather  that  the 
blue  image  should  be  at  r,  and  the  red  at  6.    This  effect  m 
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)  shown  to  be  produced  by  the  over- correction  of  the 
'  188,  which  protrudes  the  blue  foci  b  b  aa  much  beyond 
Hie  red  foci  h  r  as  tJie  sum  of  the  distances  between  the  red 
and  blue  foci  of  the  field-Iena  and  eye-lens ;  so  that  the  sepa- 
ration B  B  is  exactly  taken  up  in  passing  through  those  two 
lenses,  and  the  whole  of  the  colours  coincide  as  to  focal  distance 
aa  soon  aa  the  rajs  have  passed  the  eye-lens.  But  while  they 
ooindde  as  to  distance,  they  diifer  in  another  respect, — the 
Mae  images  ore  rendered  smaller  than  the  red  by  the  superior 
refractive  power  of  the  field-glass  upon  the  blue  rays.  In 
trodng  the  pencil  l,  for  instance,  it  will  be  noticed  that,  aftCT 
passing  the  fleld-glass,  two  sets  of  lines  are  drawn,  one  whole 
and  one  dotted,  the  former  repreBenting  the  red,  and  the  latter 
the  blue  rays.  Thia  is  the  accidental  eflfect  in  the  Hnyghenian 
eye-pieco  pointed  out  by  Boscovich.  The  separatioa  into 
colours  of  the  field-gloss  is  like  the  over-oorrectiou  of  the 
object-glass,^ — ^it  leads  to  a  subsequent  complete  correction. 
For  if  the  diifbrently  coloured  rays  were  kept  together  till  they 
reached  the  eye-glnss,  they  would  then  become  coloured,  and 
[neeent  coionred  images  to  the  eye  ;  but  fortunately,  and  most 
beautifully,  the  separation  effected  by  the  field-glass  causes 
the  blue  rays  to  fall  ao  much  nearer  the  centre  of  the  eye-glass, 
where,  owing  to  the  spherical  figure,  the  refractive  power  is 
Um  than  at  the  margin,  that  that  apherical  error  of  the  eye- 
lans  constitutes  a  nearly  perfect  balance  to  the  chromatic 
dispersion  of  the  field-lens,  and  the  blue  and  red  rays  l"  and 
l'  emerge  sensibly  parallel,  presenting,  in  consequence,  the 
porfoot  definition  of  a  single  point  to  the  eye.  The  same 
reasoning  is  true  of  the  intonnediate  colours  and  of  the  other 
pencils." 

I>r.  August  gives  the  following  method  of  ascertaining  pretty 
accurately  the  magnifyiug  power  of  a  compound  refracting 
microscope.  An  object,  of  which  the  size  is  known,  baa  to  be 
placed  before  tho  object-glass ;  then  looking  with  one  eye 
through  the  microaeopo,  with  the  other  look  at  the  points  of  a 
pair  of  compasses,  held  at  the  distance  of  distinct  vision  before 
it.  Having  adjusted  the  compasses  to  the  diameter  of  the 
object  seeu  through  the  microscope,  divide  this  diameter  by 
the  known  diameter  of  the  object,  both  being  in  the  same 
denomination,  and  the  result  will  be  the  magniiying  powetj 
Bought. 
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^^V         Wesutijoin  tho  following  comparativo  micxometrical  measoreB     J 
^^^       by  Dr.  Hwmoyor,  as  a  reference  table : —                                      1 

b 

HOUmMfg. 

Pul>  Uan. 

v™.ii«.. 

Rlxiuih  liius. 

Ensli.l.i»d.. 

1 

9-265H29 
2'l  95149 
2'17il638 
25'39954 

0-443296 

0-973101 
Oi»eei81 
11-25952 

0-456.5560 
1-027B43 

0-992«88 
11-57070 

0-458813 
103.'«I3 
1-0071625 
1 
ll'653<!4 

Q<8937D9 
0-0668138 

fr065S101 

1 

1 

The  -wonderful  tracing  oa  glnas  executed  by  M.  Nobert,  of 
Jarth,  in  Prussia,  deserves  attention.     The  plan  adopted  by 

Emm  each  other,  each  band  being  composed  of  parallel  lines  of 
wme  fraction  of  a  Prussian  inch  apart;  in  some  they  are 
rt^th,  and  in  others  only  -j^Vuth  of  a  Prussian  inch  sepa- 
rated.    The  distance  of  tiiese  paraUel  lines  ibrma  part  of 
a  geometric  eeries  :— 

0-OOlOOOline..                       000(H63  lines. 
(H)008fi7     „                           0000397    „ 
0-000735     „                           0-000340    ., 

ooooeao    „                    ck»oo292  „ 

O-00O540     „                           0-000225    „ 
To  see  these  lines  at  all,  it  is  requisite  to  nse  a  microscope 
with  a  magnifying  power  of  100  diameters ;  the  bands  oon> 

aining  the  fewest  number  of  lines  will  then  be  visible.     Ts 
dutinguish  the  finer  lines,  it  will  be  necessary  to  use  a  magni- 

jing  power  of  300,  and  then  tho  lines,  which  are  only  xj^b^^ 
of  an  inch  (Prussian)  apart,  will  be  seen  perfectly  traced.     Of 
all  the  tests  yet  found  for  object-glasses  of  high  power,  these 
would  seem  the  most  valuable.    These  tracings  have  tended  to 
confirm  the  undulatory  theory  of  light,  the  different  eolonrs 
of  the  spectrum  being  exhibited  in  the  ruled  spaces  according 
to  the  separation  of  the  lines ;  and  in  those  cases  where  tlie 
distances  between  the  lines  are  smaller  than  the  length  of  the 
violet-coloured  waves,  no  colour  is  perceived ;  and  it  is  stated, 

of  the  systems,  stripes  of  another  colour  would  appear  in  them. 

A  Solar  Mierosccpe.  is  for  transparent  objects,  and  can  only 

be  used  with  the  hydro-oxj^en  light,  or  when  the  sun  shines 

strongly,  the  rays  from  which,  being  received  on  a  piano 
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mirror,  are  reflected  through  a  Icna  called  a 
shutter  or  through  a  tube,  into  a  darkened  room ;  and  nearly 
in  the  focua  of  these  condensed  raja  another  lens  is  placed,  so 
as  to  obtain  a  large  amount  of  Light,  but  at  the  same  time 
avoiding  the  heat  rays,  which  would  otherwise  fall  upon  the 
object  placed  within  tho  burning  fociiB.  The  object-glass  is 
adjusted  te  bring  the  objoct  exactly  is  its  focus,  thence  the 
i»yB  croBs  and  diverge  to  a  white  screen  on  which  the  image 
U  seen :  the  magnilying  power  depends  on  the  distance  of  the 
screen  from  the  window.  This  siicroscope  is  employed  that 
Beveral  persons  may  at  the  same  time  see  the  same  object.  It 
has  also  lately  been  used  for  throwing  the  magnified  images  of 
microscopic  objects  upon  prepared  photographic  surfaces  of  a 
very  lai^  size,  and  with  surprising  effect.  The  hydro- 
oxygen  microscope  is  a  modification  of  the  solar ;  a,  jet  of 
hydrogen  and  oxygen  gns  being  ignited,  is  allowed  te  play 
on  a  small  cylinder  of  hme  placed  in  the  interior  of  the 
instrument. 

The  luminous  effects  produced  hy  exposing  lime  to  a  jet  of 
the  ignited  gases  is  familiar  te  every  one.  Tbia  brilHant  light 
waa  first  adapted  te  the  illumination  of  the  microscope  by 
Charles  Woodward,  Esq.,  F.R.S.,  who  succeeded  in  exhibiting 
transparent  objects  by  its  aid,  and  thus  rendering  this  valuable 
mstrumcnt  of  philosophical  research  available  at  all  times  and 
for  many  purposes;  the  beauty  of  the  Dissolving  Views  may 
be  especially  instanced. 

37ie  Sla-nd,  Lantern,  and  CaouteTiove  Oas-holders. — In  fig. 
264,  a  represeute  the  mahogany  lantern  and  its  sheet-iron 
chinmey ;  6  the  mahogany  base,  on  which  the  lantern  can 
slide  in  a  dove-tail  groove,  so  as  to  permit  the  movement  of 
the  lenses  to  or  from  the  lime-light.  This  base  is  hollow  and 
pierced,  to  admit  the  ascent  of  a  current  of  air  between  the 
Sjxt  condensing  lens  and  the  lime-light,  which  keeps  the 
fbimer  cool,  and  carries  off  tho  volatilized  pardclee  of  lime, 
which,  if  allowed  to  settle  on  the  glosses,  would  impair  their 
transparency,  c  is  a  triangular  frame  supporting  the  base  b 
A  shelf  is  seen  in  front  attached  te  the  frame  e  by  ^^lir  o 
hinges,  which  permits  it  when  not  in  use  te  fold  up  ii^pnt  of 
the  base  6 ;  and  when  wanted,  to  hold  the  objects  for  exhihi- 
k,  powers,  &c.  d,  d'  e,  e',f,f  aro  the  t 
d  support  for  tho  whole. 


The  amtngement  for  the  supply  of  gaaea  poasesses  bkibj- 
adrantagcs ;  the  principal  ono  is,  that  by  an  elanRudun  of  the 
flexible  taboe  </  h,  the  gas-holders  ma;  bo  plaoeil  in  a  sepantA 


■oij-gen  MicTOBMjpe. 

aporttSSht,  BO  as  completely  t«  obviate  any  objections  to  the 
exhibition  of  the  gas  microscope  in  fnmily  circles.  Tho  two 
gasos  are  kept  perfectly  isolated  until  brought  together  at  tlu 
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point  of  the  blowpipe  for  combustioD.  They  are  introdiieo 
(by  means  hereafter  described)  into  separate  hogs,  ] 
with.  presBure-boards  and  weights  ;  the  name  of  each  gas  being 
diatinatly  branded  on  its  proper  pressure-board  i,  it,  to  avoid 
the  possibility  of  mistake.  Each,  bag  is  connected  with  the 
blowpipe  by  a  aeparato  flexible  t«be  ij,  h ;  these  tubes  are  at- 
tached by  union-joints  and  stop-cocks  to  the  gas-bags  m  and  n, 
which  are  constructed  of  india-Tubber  doth,  perfectly  air- 
tight. 

Pig.  261  affords  a  skeleton  view  of  tho  parts  eoanoctcd  with 
the  gas  blowpipe,  a  is  a  ^de  view  of  a  portion  of  the  fomt  of 
the  lantern,  supporting  the  tube  that  holds  tho  condensing 
lens ;  h  is  the  mahogany  hose  before  mentioned,  on  which  the 
lantom  slides,  and  through  which  the  blowpipe  and  lime- 
holder  A,  bearing  the  lime-cylinder  i,  are  firmly  inserted.  A 
square  piece  of  brass  ix  is  fised  on 
the  bottom  of  the  base  6  by  three 
screws,  e,  d  are  two  hollow  pro- 
jeotiEig  cylinders  with  exterior 
screws  cut  upon  them,  the  threads 
of  which  are  concealed  in  the 
figure  by  the  union-jointa  that 
connect  them  wilh  the  flexible 
tubes  which  convey  the  gases 
(oxygon  and  hydrogen)  from  their 
respective  bags  (fig.  260,  i,  Ic). 
Their  passage  through  the  solid  on  S^ 
piece  of  brass  a?  in  the  figure  before  j|— - 

us,  is  regulated  by  two  stop-cocks,  S 

the  handles  of  which  are  not 
shown  in  this  figure,  but  may  be 
Been  at  I  and  t,  fig.  261,  through 
which  they  are  allowed  to  enter 
the  blowpipe  e  and  combine  within 
it,  in  given  quantities,  so  as  to 
produce  the  most  brilliant  effect 
when  finally  propelled  and  ignited 
at  the  platinum  nozzle/.  A  spring 
slit  in  the  outer  sliding  tube  of  tho 
blowpipe  at  e  permits  the  nozzle  f 
to  be  elevated  (^'depressed  without 


doDKOT  of  leakage ;  and  a  universal  joint  at  its  base  ftUowa  it 
to  Iw  farther  directed  with  ease  and  effideacy  in  any  latent 
direction. 

Fig,  202  exhibits  the  manner  in  which  the  gases  vnhir  sepa- 
rately into  the  blowpipe,  a  is  a  piece  of  brass  caet  eolid,  and 
pierced  eo  ae  to  admit 
tbepaasage  of  the  two 
gases.  Both  coeks  are 
now  shown  shut.  The 
oxygen  gas  enters  by 
'■  e  pipe  B,  and  when 


the 


top-eo 


opened,  continues  ita 
passage  directly  along 
the  central  tube  from 
o',  to  the  extremity 
o",  to  which  the  little 
chamber  noulo  of  pla- 
tinum is  attached  by  a 
screw.  The  hydrogen 
gas  is  admitted  by  the 
pipe  c,  and  when  the 
cock  is  opened  for  its 


Fig.  202. 
passage,  finds  its  further  way  into  the  outer  chamber  n  e 


rounding  the  oxygen  passage  o',  and  then  enters  the 
pipes  seen  only  in  section ;  and  so  continues  to  the  extremitv 
h",  where  it  is  emitted,  and  combines  with  the  central  stream 
of  oxygen  gas  in  the  minute  chamber  provided  for  that  pnipose 
in  the  interior  of  the  platinnm  nozzle.  The  mixed  gases  then 
pass  on  in  intimate  union,  and  out  through  the  orifice  of  the 
blowpipe  nozzle,  where  they  are  combined  and  directed  on  ths 
lime-cylinder  for  the  purpose  of  illmninution.  As  the  two 
gases  are  never  mixed  in  any  greater  quantity  than  is  contained 
in  the  interior  of  this  nozzle,  no  greater  amount  of  txploeioil 
can  at  any  time  take  place  than  would  be  caused  by  the  trifle 
contained  in  the  "  platinum  chamber ;"  a  space  scarcely  worAy 
of  the  name  (being  not  lai^er  than  a  pin's  head),  were  it  not 
that  it  serves  a  purpose  of  safety  and  of  signal,  important  to 
the  operator  and  the  apparatus.  Whcneyer  the  cocks  ai« 
shut  so  as  to  cut  off  the  pressure  and  supply  of  the  gasea,  the 
flame  naturally  retires  within  the  nozzle,  and  ignites  the  little 
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explosive  mixture  which  it  contains,  producing  a,  distinct 
snapping  noise,  something  like  that  occasioned  hy  the  shutting 
of  a  penknife,  and  indicating  the  q^uiet  termination  of  combus- 
tion, explosion,  and  danger  of  any  kind. 

Attention  must  be  paid  to  the  position  of  the  blowpipe 
nozzle  80  as  to  attain  the  moat  favourable  distance  aad  direction 
for  playing  upoB  the  lime.  Thia  cau  easily  be  ascertained  and 
r^olat^d  by  means  of  the  universtil  joint.  It  must  be  recol- 
lected during  these  trials,  that  the  lime -cylinder  is  a  substance 
possessed  of  very  slight  cohesion  ;  and  that  it  is  liable  to  be 
rapidly  volatilised  or  carried  off  by  the  a«tion  of  the  blowpipe 
wherever  any  one  portion  of  the  surface  is  continuously  exposed 
to  the  intense  heat  generated  at  the  point  of  the  flame.  To 
prevent  this,  you  must  turn  the  lime-holder  every  three  or 
four  minutes  by  the  milled  head  at  the  bottom  of  the  apinille 
h  (tig.  261)  BO  as  to  expose  a  new  surface  to  the  action  of  the 
hydro-oxygen  jet.  This  is  a  trouble- 
some dut^,  but  it  must  be  carefully 
executed,  oUierwise  the  surfaeo  of  the  f^'^'Ti  /j.t  "^ 

lime-cylinder  a  would  be  worn  into  a 
hole  similar  to  that  represented  at  b  (fig. 
263), the  concavity  of  whichwould  throw 
back  the  inflamed  gases  against  the  in- 
terior condensing  lena  c,  and  thereby 
most  probably  erack  it  into  a  thousand 
pieces.  Magnesia  or  quartz  may  be 
substituted  for  the  lime  with  advantogr. 

The  tube  attached  to  the  front  of  the  ^'^-  '■^^• 

box  is  shown  in  tig.  264.  y  is  the  tube  which  siqjpnrts  or 
holds  in  its  prolongation  those  which  earrj'  the  objects  iind 
magnifying  powers.  It 
is  firmly  screwed  into 
the  iai^r  tube  /  by  the 
sii^le- milled  rim  ad- 
joining, which  gives  the  p[ 
opomtor  the  means  of 
turning  the  entire  of  the 
tuboa  extending  from  g 
top,  with  all  the  powera 

d  objects  that  may  be  "s  -^■ 

'  ined  in  them,  completely  romid,  either  from  right  to  Irft, 


[ie 

1 
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or  from  left  to  ri^t.  The  tube  A  is  the  object-lndder.  It 
carries  within  it  a  fl|ving  tube,  whidi  by  means  d  faar  pins, 
two  of  which  are  shown  at  /,  m,  can  be  easilj  pfoalied  mwnrds 
towards  ^.  so  as  to  open  a  space  for  the  introdocCicHi  of  the 
ftlider  containing  the  objects.  On  inserting  the  alidar  and 
removing  your  hand  from  these  pins,  the  actioii  d  Hm  spiral 
f^ng  will  instantlj  cause  the  return  of  the  inner  tobe^  so  as 
to  close  np  the  vacant  space  and  hold  the  slider  ftrady  in  its 
place.  The  objects  are  bronght  into  the  proper  focDS  bj  a 
revolving  movement  of  the  laige  milled  head  t,  whieh  toma  a 
pinion  that  acts  on  a  rack  in  the  interior  of  h^  and  thereby 
causes  it  to  advance  <»*  retreat  within  g,  until  the  slider  is 
adjusted  to  the  exact  distance  requisite  to  throw  a  peifMt 
image  on  the  disc.  The  portion  of  die  tube  in  advaaoe^  maitod 
/I.  is  the  powtr-holdeTy  which  receives  the  three  magn^pBg 
glasses  (or  powersy  as  they  are  technically  termed)  nsed  in  this 
microscope.  Only  one  is  used  at  a  time.  That  shown  in  its 
place,  marked  p,  is  the  lowest  power  of  the  three,  and  the 
most  suitable  for  a  learoer  to  commence  witib.  It  magnifies 
about  10,000  times,  superficial  measurement. 

To  make  and  collect  the  Gases. — ^The  first  step  towards  the 
use  of  the  microscope  is  the  preparation  of  the  oxygen  and 
hydrogen  gases.  This  is  a  very  simple  operation,  and  may 
safely  be  entrusted  to  any  servant  of  ordinary  intelligence  after 
one  practical  lesson. 

In  fig.  265,  a  is  a  cast-iron  retort,  into  which  is  screwed, 
air- tight,  a  piece  of  gun-barrel  tube  6,  with  a  screw  for  a  union 
joint  at  the  other  end.  Pour  into  this  tube  as  much  black 
oxide  of  manganese  in 
coarse  powder  as  will  fill  %bC 
the  body  a;  then  place 
the    retort    in    a    good  Fig.  2(>5. 

kitchen  or  parlour  fire,  in  the  position  shown  in  ^g.  266.  The 
best  fuel  for  the  purpose  is  coke  intermixed  with  charcoal ; 
but  any  clear-burning  fire  in  any  common  fireplace  will  answer 
the  purpose ;  the  heat  may  be  increased  by  using  a  common 
pair  of  bellows,  or  the  blower  d. 

After  waiting  for  a  few  minutes  to  allow  the  atmospheric 
air  and  moisture  to  escape,  connect  by  means  of  the  union- 
pcrew  a  the  end  of  the  iron  tube  which  forms  the  neck  of  the 
retort  to  the  glass  bottle  b,  which  is  arranged  for  cooling  the 


gas  in  its  passage,  which  otherwise  might  injure  the  india- 
rubher  cloth  bag,  by  the  degree  of  softneaa  the  heat  would 
occasion.    It  is  three-fourths  filled  with  water.    The  wide 


Fig.  266. 
mouth  is  closely  fitted  with  a  brass  cap  cemented  upon  it, 
through  which  pass  two  flesihle  metalliu  tubes ;  one  of  these 
(before  mentioned)  conducts  the  oxygen  gas  from  the  retort, 
and  opens  beneath  the  water  within  a  quarter  of  an  inch  of 
the  bottom.  From  this  orifice  the  gas  issues  freely  in  separate 
bubbles,  to  be  deprived  of  its  heat  as  it  ascends  through  the 
water,  whith  will  further  retain  auy  eondcnsiblc  impurities 
that  may  happen  to  be  volatilized  in  the  process. 

When  the  bag  is  full,  shut  the  stopcock,  and  if  more  gas 
be  required,  instantly  undo  the  connexion  with  the  eondneting 
pipe  e,  and  transfer  the  supply  to  another  bag.  Wien  the 
charge  in  tho  retort  has  given  forth  all  its  oxygen,  it  should  be 
taken  from  the  fire,  and,  having  first  undone  the  union-joint 
at  a,  and  removed  the  flexible  pipe  that  connected  it  with  the 
bottle,  the  residual  oxide  of  manganese  should  be  thrown  out, 
whilst  still  red-hot,  by  turning  the  retort  with  its  mouth 
downwards,  and  shaking  it  briskly  in  a  pair  of  calliper- tongs. 
If  left  to  cool,  the  oxide  will  cake  together  and  become  difficult 
to  extricate. 

As  possibly  some  of  our  readers  maynot  be  fully  acquainted  i 
irith  the  properties  of  oxygen  gas,  it  may  be  as  well  to  men- 
__ti0n,  for  the  removal  of  any  doubts  or  fears  they  may  cntertdn, 
is  not  the  slightest  danger  attending  any  pJirt  of  the 
x«s  for  its  production.     The  gas  is  not  in  the  least 
2c2 


I  tit  or  wiOi  aaj  <t  the  fwBM  "*■**"  '!■■ 
wbaA  mn  knon  to  ooenr  eitber  \f  meuitBt  (K  derigii 
S^hmDj,  the  nv  material  (the  black  oxide  of  mangmene)  is 
psleci^  hamleaa ;  and  'wv  hair  heart  «f  bo  meoanaieiKs 
■tii^^iiMiv  tlip  cMMsalicau  of  ponaidi^c,  aftinx,  *tiJ  h**iJl¥ng  it, 
Hw  iwidail  bmrn  oxide  obUiaed  iriwn  the  retort  is  em^ied 
is  ^M>  Kvilaih' inert. 

Kg.  267  eroil»t»  the  auau^uaoit  lor  Um  pRparation  of 
hjrdr^gciL  gM.  a  is  a  lead  or  thin  ^an  bottle,  vith  tm  [qwa 
madt  <tf  glass  8111117  &^^  Uucugb  a  bran  mp  vhiti  aema 
JBto  its  Aoadt.  Hue  bottle  is  Ulcd  to  almit  ooe-third  with 
time  emtttBgs.  The  i^ri^it  pipe  i  cods  in  a  funnel,  to  aDov 
efsne  part  SB^tioe  add  smd  six  parts  of  «'ater  being  poured 

^^^^^*^  Kg.  287. 

tnlo  tbe  bottle  upon  the  Eiitc.  The  bent  one  permits  the 
passage  of  the  generated  hydrogen  gas,  and  is  provided  with  ■ 
onioD-joint  at  c,  to  connect  it  with  the  ghsi  bottle  d,  contain- 
ing water  for  its  puiifitatioa. 

It  ia  neceasar3r  to  allow  all  the  common  air  included  is  the 
genentor  and  purifier  to  escape  in  the  first  instance,  e?ui 
though  some  hydrogen  be  lost  at  the  same  time,  previous  to 
TcceiTuag  the  gas  in  the  bug  a  t,  othernise  an  explosive  mix- 
ture would  be  formed  in  it.  A  little  experience  will  soon 
enable  the  experimenter  to  form  a  correct  opinion  wht.-ther  all 
the  atmospheric  air  has  been  expelled,  and  whether  the 
hydrogen  is  passing  purely  through  the  water  in  the  purifier. 
When  it  is  generated  at  a  proper  rate,  three  or  four  bubbles 
will  be  seen  to  issue  smartly  from  the  pipe  c  erery  second,  and 
then  discharged  through  the  water  with  a  very  peculiar  sound, 
not  loud  but  distinct,  and  tinlike  any  other ;  arising  pedu^ 


^m        then 
^B      not 


Fig    b8  —  I  ten  r  of  Laolom 

Take  caie  not  to  approach  the  purifier  or  the  open  union- 
joint  with  a  lighted  candlo  while  the  mixture  of  air  and  gas 
is  passing  off  for  being  together  lighter  than  the  atmosphere, 
it  would  ascend,  and  if  it  come  in  (intact  with  the  flame. 
readily  explode  and  possibly  crack  the  glass  hottto ;  thereby. 
in  all  probabibty  spillmg  the  water  and  thus  deranging  and 
delaying  the  process,  aa  well  as  wasting  the  hydn^en  gas  in 
pr<^resB  of  generation,  though  no  greater  mischief  would  be 
likely  to  happen.  In  moHt  eases  the  preparation  of  hydrogen 
gaa  may  be  dispensed  with,  as  the  ordinary  carburetted 
hydrogen  gas  supplied  by  the  gas  companies  to  the  house  will 
answer  the  purpose  very  well. 

Having  effectually  guarded  against  leakage  by  ascertaining 
the  completeness  of  all  the  union-jointa,  the  nest  st«p  is  to 
complete  the  blowpipe  arrangement  by  putting  a  lime-cylinder 
f^  on  the  lime-holder;  fig.  268  shows  the  arrangement  of  the 


4mi 

^zyuzuinT  Ts^jiToi^     Tins  oiut  sikc  >t  naaBtt  vkea  coit  k  no 

Wiiea.  TfTu  lucT?  jwixdr  ineii  :aif  IE3K  br  tj^i  ■■■? .  on  tibe 

•KSCT"   jf  'i&e  Jamt*  Tj  CTirJ'i  -loiaios  ibf  scopeock.     Should 


•roiixiHiiiziii  fume  'viH  ^ntmix  &  ffr*  im  zLt>v  on  tiie  Inw- 

^  ^  ^ 

«Tfm»iik!r  ilangfQtfT  jifrrem  fnm.  ami  T^stir  sspoiar  to,  the 
3«»c  <fdet:c  ^iniiniriHi  3x  :^  !LT>irxHi-Vc  Ton  but  bow 
scsiin.  die  Trgnesc  isseBsST  cf  !i^^  by  ^jafnsg  liie  OAAgea  aid 
kyxnem  jcupecciks  ^zne  £3.  ^icir  btsid.  an^v&OB^  idedj  tiie 
laiiA  ^  liodL  jEHes^  ami  w^vrr^.j:  r^  edwi  on  tiie  fime- 
er-Iimaer  dLrcizza  a  paece  cf  ec-iftxcnni  eye-gHiw  m  tlie  side  of 
bSe  lajirecxt.  if  tiu*  xaked  I^t  be  ii»  powrliil  fior  the  eye, 
sacl  by  srairtxaZx  inezcaBm^  or  Sacsiihug  ^h»  anfflf  of 
endu  TcnL  izrire  expaxBcmtally  si  the  pnper  pnpottiaBB  of 
bodL  Anexceggof  ktdiogenWiII  be  iad&rated  ty  tho; 
aaee  of  a  redi&sii  iane  smrwindbig,  and  of  eoune 
the  ^*jw  of  vhhe  i^fbfi  dial  isfj^res  fr^ni  tbe  cylinder.  AiUt- 
Vsxal  cxTzen  will  remoTe  the  redness :  but  an  excess  of  tids 
gas  win  tT^n^'^sh  tbe  white  Hght,  and  if  the  proportiQii  be 
increased,  will  &r  last  extinsnish  it  ahoeether. 

The  first  point  in  the  management  of  the  lantern  is  to  obtun 
a  uniform  £se  <^  H^t  on  the  whitewashed  wall,  or  on  a  while 
linen  or  calico  screen  hnng  perpendicnlariy  against  it  for  ihe 
purpose.  THien  you  find  that  the  lime-cylmda'  d  is  giving  out 
an  intense  steady  light,  place  the  low  magnifying  power  on 
the  end  of  the  tube,  shut  the  door  of  the  lantern,  and  exdnde 
erery  other  light  from  the  room  except  what  passes  throng 
the  microscope  to  the  walL  When  you  turn  your  eyes  towards 
the  disc  produced  there,  you  will  perhaps  be  much  cGsaj^xMnted 
at  beholding  its  centre  only  lit  up,  and  darkness  ladiatii^ 
towards  the  circumference ;  or,  vice  vend,  the  centre  Teiy  dull, 
and  a  scattered  illumination  towards  the  edge  of  the  cirde. 
These  defects  are,  howeyer,  easily  removed;  both  are  occa- 
sioned merely  by  the  want  of  adjustment  of  the  focal  distance 
between  the  lime-light  and  the  first  condensing  lens ;  and  both 
may  be  obviated  by  sliding  the  body  of  the  lantern  which  car- 
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le  lens  {while  the  light  steads  fast)  to  and  fro  iu  the 
B  at  the  top  of  the  baao-board,  until  the  proper  focal 
position  be  attained,  when  the  disc  of  light  will  he  unifoitu 
throughout. 

This  being  Deoomplished,  you.  may  proceed  to  put  the  appa- 
ratus to  work — to  illuminate  and  magnify  the  objects  prepared 
for  the  purpose.  These  arc  generally  set  between  two  piecea 
of  glass  in  &  long  thin  mahogany  frame,  and  usually  consist  of 
the  wings  of  files,  moths,  and  butterflies,  the  wings  and  wing- 
eases  of  beetles,  bugs,  locusts,  and  grasHhopperE,  the  feathers 
of  birds,  the  cuttings  of  wood,  some  of  which  are  extremely 
beautiful,  the  scales  of  fishes,  the  petals  and  leaves  of  plants, 
the  branchoa  of  mosses,  &o.  The  family  of  fcma  furnish  a 
numerous  and  very  interestug  class  of  objects,  a  specimea  of 


I 


which  M  ahovn  in  Ag.  SM,  uiA  n  wiJI 
■u^ins  jwiret. 

A.  W^  cliua  of  oljecb  nuiy  be  obtaiBed 
poruy  inhatHlintit  of  the  wkteis,  Ihe  UnK  of  rsrioas  tibil- 
lnlv,andgnat«.     TheexanBoreast     ~  '' 
pillara,  and  other  inaecta  tliat  und 

I'ann  intenvting  objecta  for  exBBdiutMn.  Thn  nuaMOna^ 
tions  of  the  trachoe  and  hrandiU  (^  otterpiBus  pvoMSi  VBf 
'■nrious  and  beontifnl  objecta. 

Fig.  270  representa  tlie  perfect  fonn  <rf  s  voy  ' 
vinatic  inamt,  the  Kqm,  or  watcr-BCorpiMi. 


fe-^ 


Ther  decomposition  of  water  by  chemicai  action  presents  o 
very  cwnoas  appearance  under  the  gas  microscope,  fig.  271. 
iliis  eshibitioii  is  effected  by  the  adaptation  of  a  glass  trongh 
to  \hc  nucroscnpe  ^to  be  introdawd  horizoDtall^  in  tlie  manner 
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klslider),  contaimng  dilute  eulphiuic  acid  (aimilar  to  that 
f4oyed  in  the  preparation  of  hydrogen  gaa),  and  dropping 
into  it  ft  few  pieces  of  freeh  broken  zinc.  Decomposition  of 
the  ■water  instantly  commences.  Its  oxygen  gas  combines 
impcrceived  with  the  mc,  which  then  dissolTea  gradually  in 
the  sulphuric  acid;  while  the  hydrogen  gas  set  free  at  the 
same  instant  rapidly  rises  in  bubbles  through  the  liquid  and 
Escapes  at  the  surface.  These  hubbies,  magnified,  present  a 
most  extraordinary  appearance,  forming  a  scries  of  whitish 
luminous  globules  deeconding  in  the  fluid  (for  every  thing 
appears  reversed  in  the  microscopic  exhibitions)  from  an 
opako  surface,  and  swelling  enormously  as  they  struggle  to 
^e  surface  under  the  expansive  powers  uf  heat,  combination, 
?  pressure. 
pi)nautlful  series  of  objects  may  be  shown  by  the  crystal- 


1    '^r"  " 

^te^^ 

■ 

^p"'"^^ 

S94  omw.  ' 

lization  of  vurioiia  aatia  from  chfniicQl  solution ;  or  we  may 
turn  to  llic  vu-Bt  fluid  of  animalcule  life  pn»Gnt«d  in  a  hid^ 
drop  of  BtnniUng  water,  lor  sut)jii<!ta  of  wonder  and  admlratitni. 
If  we  tiike  a  littlo  sour  poate  diluted  with  water,  and  place  tt 
drop  of  the  mixture  on  a  single  glass  elider,  and  introduce  it  in 
the  HHmc  way  into  the  mieroaeope,  we  ahull  find  an  object  of 
sinjfulur  interest  presented  to  our  view  on  the  illuminated  disc: 
tens  of  thousands  of  Uving  animulfules,  resembling  edb,  aw 
seen  struiEgling  and  twining  in  masses  so  densely  congregated, 
that  it  appears  as  if  they  alone  constitiited  the  paste.  Tbmr 
numbers  defy  ail  attempts  at  calculation  while  they  arc  free  to 
move  ;  but  as  the  water  evaporates  under  the  influence  of  Ihe 
transmitted  heat,  these  agitated  masses  are  seen  to  grow  gra^- 
ally  more  and  more  quicecoat,  until  at  last  they  lie  motionless, 
rigid,  and  dead.  Then  some  estimate  may  be  formed  of  their 
numbers,  and  it  will  probably  be  found  that  the  drop  con- 
tained millions.  The  vast  field  of  observation  and  inquiry 
which  such  a  sight  opens  to  the  zoologist  and  mituralist  is  too 
obvious  to  require  comment. 

It  will  he  neeesaary  to  give  some  information  respecting  tiie 
discs  ojnploycd  by  eshibttors.  They  are  of  diiforent  soits; 
fixed  or  rolling,  opako  or  semi- transparent.  The  best  is  HiO 
fixed  opake,  for  then  no  light  is  lost  by  passing  throii^h ;  and 
all  that  is  necessary  to  form  one,  is  to  whiten  the  side  of  a 
room  like  a  ceiling.  If  the  room  be  papered  with  a  raieod 
fiock  pattern,  it  will  be  necessary,  prior  to  colouring,  to  rub  it 
down  with  pmuico-atone,  so  as  to  reduce  the  inequalitiea.  Tho 
white  paint  used  must  bo  a  difitemper,  not  an  oil-colour,  »£ 
there  must  be  no  gloss  apparent.  K  a  circle  be  straok,  aai 
all  outside  it  blackened,  the  eftect  in  many  situations  will  t» 
rather  ornamental  than  otherwise.  Mechanics'  institalioni, 
school-rooms,  and  scientific  lecture  rooms,  have  generally 
white-washed  walls,  and  no  expense  need  be  incurred  in  soeJi 
cases,  as  nothing  can  answer  better;  nor  is  it  necessary  t» 
blacken  the  cii'cumference  of  a  disc.  Indeed,  where  the  apart- 
ment is  smuU,  it  is  a  decided  disadvantage ;  for  should  the 
room  be  fourteen  feet  long  and  only  eight  feet  high,  a  disc  cir- 
cumscribed by  a  black  exterior  woiild  only  show  an  object  eight 
feet  bng ;  but  should  the  object  be  a  long  narrow  one,  it  wonld 
be  desirable  to  show  it  from  one  end  of  the  wall  to  the  other. 

The  ituiffic  lantern  somewhat  resembles  the  gas  microscope 
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in  appearance,  and  may  be  made  so  in  arrangement,  altlioufch 

a  cheaper  kind  is  formed  of  tin,  having  a.  chimney  to  carry  off 

the  smoke  from  a  common  oO-Iamp. 

At  tha  back  is  placed  a  coarave  re- 

flectorc  (fig,  272),  which  reflects  the 

Kght   to  the  plano-convex  lens   m 

From  this  it  proceeds  to  a  trans]  i 

rent  painting  on  glass  s,  fixed  m    t 

glide,  BO  as  to  be  moveable     it   i^ 

placed  in  an  inverted  position     From 

this  slide  the  light  passes  to  another 

lens  L,  which  is  convex,  and  fised  in 

a  eliding  tube,  to  enable  it  to  be 

brought  to  the  requisite  distance  or 

focus  on  a  screen  in  a  dark  room ;  a 

large  erect  image  of  the  design  ontlie 

glass  is  seen  painted  on  the  opposite 

wall. 

No  public  exhibition  ever  excited 
more  sensation  than  that  of  the  Phan- 
tasraagoria ;  by  the  representation  of 
terrific  figures,  which  seem  to  ap- 
proach the  audience  from  an  amazing 
distance,  and  then  recede  again,  rise 
to  the  ceiling,and  then  descend  to  the 
floor.  This  optical  illusion  is  nothing 
more  than  a  magic  lantern,  having  . — 
all  the  glass  opako,  excepting  the  \j  ' 
figure,  which  is  paint«d  in  transpa- 
rent colours.  Thus  no  light  can  fall 
Qpon  the  screen,  except  what  passes 
through  the  figure  itself.  The  screen 
being  placed  in  front  of  the  audience,  Fig-  272. 

while  the  operator  is  on  the  opposite  side,  with  the  lantern 
fixed  on  a  tabic  that  can  be  silently  moved  backward  and 
forward,  the  figures  appear  to  advance  and  retire.  The  mae  of 
the  images  increase  when  the  lantern  is  carried  back,  bccauM  I 
the  rays  come  in  the  form  of  a  oone ;  and  as  no  part  of  tho 
screen  can  bo  seen,  the  figure  appears  to  be  formed  in  the  ail, 
and  to  move  farther  off  when  it  becomes  smaller,  and  to 
approach  as  it  iucreaaes  in  tdze. 


The  beantafU  optical  repieaentationB  called  dissolTing  Tiews 
are  efiected  by  having  two  magic  lantema  ataneqnaldiBtBBee, 
both  of  the  >ame  (ocub;  and  while  the  view  of  one  ia  bemg 
withdrawn,  the  other  is  emerging  forth,  realizing  almost  the 
imaginary  tales  of  the  powen  of  magio  and  of  fairia. 

The  Camera  Lueida. 

He  Camera  Lncida  was  invented  by  Dr.  Wolkaton  in  ISOT, 

and  eonfflsts  of  a  fonr-sided  priam  of  glaea  act  in  a  hraaa  frame 


Fig.  27A— Tho  Camera  Lucida. 
<r  case.    It  is  screwed  on  to  a  table,  being  supported  abont  six 
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or  eight  Inches  fi'om  the  eurface  by  a  sliding  tube  to  suit  tl 
raght  or  position  of  the  object.  The  rays  from  the  obje 
paaung  through  the  gliiss,  are  reflected  ^om  the  lower  and 
back  surface  of  the  prism  to  the  eye ;  and  in  the  aame  direc- 
tion as  the  last  ray,  the  table  or  paper  placed  to  receive  it  is 
■risible,  and  the  image  therefore  faintly  delineated;  and  us  the 
point  of  the  pencil  ia  also  visible,  the  image  may  be  trueed  on 
the  paper.  A  piece  of  brass  having  a  small  hole  is  fixed  on 
the  top,  and  used  as  a  sight-hole  io  keep  the  eye  to  one  point. 

Besides  the  valuable  assistance  rendered  to  the  draughtsman 
by  this  inBtrumeat,  Its  application  to  drawing  objeuts  from  the 
microscope,  or  increasing  the  stse  of  an  object  already  drawn, 
for  the  purpose  of  ohowing  an  enlarged  view  or  diagram  for 
the  leeture-room,  may  be  effected  in  the  following  manner. 
Place  the  tracing  in  I  (fig.  273),  made  from  the  microscope  by 
the  camera  as  an  object  for  another  camera  c ;  this  being 
fastened  to  the  table  d  by  the  screw  a  h,  and  the  object  m  I  set 
up  in  front  of  it,  an  accurate  outline  on  a  larger  scale  m'  l  can 
be  made  on  the  floor  or  table  placed  four  feet  below  the  upiight 
picture,  this  being  the  utmost  limit  of  space  between  c  and  h 
to  allow  of  the  pencil  being  used  with  advantage.  The  pencil 
it,  with  a  long  handle/,  being  hold  by  the  hand  g,  the  artist 
standing  either  in  fi-ont  or  on  one  side  of  the  camera,  and 
applying  his  eye  as  at  e,  may  proceed  to  make  an  accurate 
drawing  of  the  object. 

To  the  microscope  it  is  a  valuable  addition,  and  is  employed 
to  make  drawings  of  the  wonders-  revealed,  without  having  t« 
move  the  eye  and  trust  to  the  fidelity  of  the  memory  and  ac- 
of  the  pencil. 


^j|siatiy 
^ETTimf 


Photography. 
Time  was  when  it  would  have  gone  hard  with  any  one  who 
showed  pictures  of  men  and  scenes  that  neither  penoO,  brush, 
nor  hand  had  touched ;  and  if,  in  defence,  it  had  been  asserted 
that  the  sun  itself  had  traced  them,  the  tortures  of  the  rack 
would  have  been  had  in  requisition  to  force  the  inventor  to 
confoBs  himself  a  wizard,  and  to  tell  his  terms  of  compact 
with  the  devil ;  even  in  our  own  time,  though  we  have  passed 
from  demonism,  there  is  a  lingering  tendency  to  set  down 
those  who  go  exploring  beyond  the  bounds  of  knowledge  as 
Almoit  any  one  can  find  instances;  but  we  are 
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oontent  to  meiiti<m  one  which  has  coiinexi0ii  with  our  present 
subject.  At  the  close  of  a  lecture  by  M.  BumaSy  the  well- 
known  French  chemist,  a  lady  came  to  him  in  the  leetiiie<- 
foom ;  she  had  a  question  of  great  moment  to  ask  him.  <<  Did 
he  think  it  possible  that  the  pictures  seen  in  a  camera  could 
be  caught  and  made  permanent? " — she  was  anxious  to  know 
what  he,  a  man  of  science,  thought  on  the  subject,  fier 
husband  had  been  seized  by  the  idea  that  he  could  fix  these 
pictures ;  day  and  night  he  was  haunted  by  the  thought ;  she 
feared  he  might  be  mad.  But  if  a  philosopher  like  M.  Xhunas 
thought  there  was  any  probability  in  the  notion,  it  would  give 
her  the  belief  that  her  husband  might  still  be  in  his  senses. 
Dumas  assured  her  that,  though  he  saw  no  way  to  fix  the 
pictures,  enough  was  known  to  preyent  him  from  saying  it  was 
impossible,  and  to  make  it  matter  worthy  of  inquiry.  The 
lady's  husband  was  Daguerre  the  painter ;  and  some  ten  years 
after  this  conversation  with  Dumas,  he  had  solved  his  problem, 
and  taught  the  world  the  art  which  bears  his  name. 

Mr.  Wedgwood,  the  celebrated  porcelain  manufjEicturer, 
published  the  first  account  in  1802  of  a  method  of  '  Copying 
Paintings  upon  Glass,  and  of  making  Profiles  by  the  agency  ci 
Light  upon  Nitrate  of  Silver.'  He  was  assisted  by  Sai 
Humphiy  Davy,  but  both  failed  to  fix  the  images ;  and  the 
process  was  abandoned,  until  the  successful  experiments  of 
Niepce  and  Daguerre  with  the  prepared  surfaces  of  bitumen, 
resin,  and  essential  oil  of  lavender,  induced  them  to  try  other 
substances ;  and  eventually  they  were  rewarded  by  the  dis- 
covery of  the  action  of  light  upon  the  iodide  of  silver,  and  the 
subsequent  fixing  of  the  image  upon  a  silver  plate.  Mr.  Pox 
Talbot  also,  about  the  same  time,  hit  upon  a  method  of  fiying 
the  images  upon  paper  prepared  with  a  solution  of  nitrate  of 
silver ;  this  he  effected  with  common  salt,  and  afterwards  the 
same  salt  as  Daguerre  employed  with  his  silver  plate,  yiz, 
hyposulphite  of  soda. 

The  year  1839  gave  birth  to  this,  and  also  the  electrotype 
process ;  two  of  the  most  extraordinary  discoveries  of  human 
ingenuity,  which,  from  the  similarity  of  their  results,  may  be 
called  sister  arts,  both  acting  under  two  of  the  most  mysterious 
agents  of  Nature's  wonderful  works — the  one  under  the  influ- 
ence of  light,  the  other  under  that  of  electricity :  in  the  first, 
light  draws;    in  the  latter,   electricity  models.     With  the 


1  proceSB  it  was  conwdered  impoemblo  to  apply  it. 
traiture ;  for  with  iodine  alone  and  tho  Jong  foci  of  law 
employed  at  first,  no  picture  could  be  taken  in  less  time  than 
from  fifteen  to  thirty  minutCB.  Ab  the  correctness  of  a  portrait 
produced  by  thia  art  dejwnds  upon  perfect  immobility  during 
the  whole  of  the  sitting,  the  bare  idea  of  such  an  application 
of  photogri4)hy  waa  thought  altogether  absurd. 

It  was,  however,  noon  found,  that  by  constructing  object- 
masses  with  shorter  foci,  the  operation  could  be  reduced  nearly 
in  proportion  to  the  reduction  of  the  length  of  the  focus ;  bo 
that,  by  making  use  of  on  object-glass  of  three  inches  focus 
instead  of  twelve,  tho  operation,  is  shortened  by  four  timos, 
and  thus  portraits  are  able  to  bo  taken. 

Within  the  last  two  years  more  wonderful  results  have  been 
obtained  by  nBing  prepared  surfaces  of  collodion,  or  gun-cotton 
and  the  white  of  egg ;  so  that  at  the  present  time  a  degree  of 
perfection  is  obtained,  that  has  elevated  the  discovery  into 
of  the  most  elegant  and  profitable  scientific  pursuits. 

It  is  not  quite  true  to  assei't  that  these  pictures  are  prodi 
simply  by  liyht,  they  ore  the  effects  of  the  boundless  power 
natural  chemistry;  for  in  proof  that  it  is  not  fight ' 
which  executes  these  works,  it  may  be  obsL-rved,  that  if  a  piece 
of  paper  be  rendored  sensitive  and  placed  under  a  glass  globe 
of  the  darkest  possible  bluo  through  which  the  sun's  rays  can 
acarcoly  permeate,  the  paper  luscs  in  a  few  seconds  all  its 
sensibility.  On  the  other  hand,  if  the  same  paper  be  placed 
under  a  similar  globe,  but  coloured  of  the  faintest  yellow,  its 
capability  of  receiving  an  image  thereafter  is  uniojurod.  It  is 
evident,  therefore,  tbat  it  is  not  li^ht  alone  which  produces 
these  results — it  is  some  agency  dwelling  in  light  in  the  same 
manner  as  electricity  dwells  in  tho  atmosphere,  and  produces 
oonsequenc(M  irrespective  thereof.  This  agency  or  quality  of 
Kght,  which  philosophers  know  nothing  o^  they  have  termed 
the  aetinic  power  of  light. 

We  now  proceed  to  describe,  as  briefly  as  possible,  some 
few  of  the  proeossea  employed  in  the  science  of  photography. 

Ponilive  anil  lUffalive  pictures. — -If  we  take  a  piece  of  paper 
and  wash  it  over  with  a  solution  of  nitrate  of  silver,  and  allow 
it  to  dry  in  the  dark,  no  change  takes  place  in  its  appearance. 
The  instant,  however,  that  we  expose  it  to  the  light,  it  dark( 
all  over  j  but  if,  instead  of  exposing  it  wholly,  a  portion' 
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Ifcc  paper  be  oorend.  «7  with  the  le«f  of  ftplnt  ora  piece  of 
bee,  it  ia  obviou  that  tboae  parts  irhich  tie  Aiftldwi  bum  the 
U^  vin  nniaiii  aoclMaged.  whilst  thoae  vhii^  tm  expoMid 
to  h  wiH  beeene  hhek.  We  iifaaU  tfaaa  have  dalinenlnd  tu 
the  p^ier  dw  IWi  dimin  of  the  leaf  or  laee  wfaich  will  mtepr 
white  en  a  blade  grvond.  Tbie  is  what  is  tedmicsl^  laniwd 
S  nttf»tift  piitttrt.  Having  got  this  aegUire,  it  is  dear  that 
if  we  make  lue  of  tl  in  the  same  matuier  ae  we  did  tho  leaf  or 
lace,  by  placing  it  on  aaotho'  piece  of  pr^iared  paper,  aoti 
then  expose  it  to  the  lif^ht  (tlie  negative  having  linK  gMU 
throogb  a  process  which  prevents  all  fnrther  acti<Hi  of  b^ 
upon  it),  we  shall  get  the  reverse  of  the  negative,  and  this  it 
technically  termed  a /vwhWjiirf  Eire.  By  means  of  the  canten 
obecnra  (fig.  277)  n^ative  pictures  are  delineate-d  cat  aheetB  of 
^ass  or  wascd  puper,  and  then  positires  ore  obtained  theitfram. 
The  process  of  tiJdng  the  positire  from  the  negative  is  termed 
printing,  and  there  is  no  limit  to  the  number  of  positives 
which  may  be  taJien  from  one  negative. 

Talhoti/pe  or  Calotifpe. — It  was  fi>und  that  the  simple  wash 
of  nitrate  of  silver  did  not  render  the  paper  sofflciently  etatOr- 
tire  to  be  acted  upon  in  tfae^  camera  obscura ;  Mr.  Fox  T^be^ 
however,  discovered  the  method  whereby  this  might  he  e&ded 
with  extreme  rapidity.  The  surface  of  the  paper  is  ooverad 
evenly  with  iodide  of  silver,  and  when  dry,  a  solution  of  uitasle 
of  silver  holding  a  small  qiiantity  of  acetic  and  galliu  acid  is 
applied  to  the  same  side  of  the  paper  which  has  be^i  itxlisedi 
the  paper  then  becomes  extremely  ecositive  to  ihe  action  of 
light.  On  being  taken  from  the  camera  in  which  it  has  be^ 
exposed  for  a  few  minutes,  scarcely  any  trace  of  an  image  is  to 
be  seen — the  picture  is  made  to  appear,  or  as  it  is  termed  tt 
dev^ope,  by  again  washing  it  with  the  gallo-nitrate  solatioo. 
Afler  this  it  is  plunged  into  wat«r  and  well-washed,  and  thes 
fixtd  or  rendered  indelible  by  immersiiig  it  in  a  solution  of ' 
hyposulphite  of  soda. 

Waxed-paper  process. — This  is  perhaps  the  method  which 
photographers  chiefly  employ,  because  in  printing  &oin  nego- 
tives  thus  produced,  the  transparency  of  the  paper  readily 
allows  the  light  to  pass  through  it,  and  hence  the  poeidTQ 
paper  beneath  it  ia  more  sharply  and  biiUiantly  darkened.  It 
also  pOGBegses  the  great  desideratum  of  allowing  the  paper  to^ 
be  kept  longer  without  injury  after  being  made  sensitive.     Tlit 
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paper  ie  in  the  first  mstance  saturated  with  wliito  was,  and' 
thea  held  bofore  the  fire  or  heated  between  folds  of  hlotting- 
paper,  by  moans  of  a  hot  smoothing  iron,  until  all  the  excess 
of  wax  U  carried  off,  when  it  aaaumos  a  vollum-like  appear' 
attce.  In  this  state  the  paper  is  iodised  and  rendered  seuai- 
tivB  by  a  similar  process  to  that  porsued  in  the  calotype — it  ia 
then  ready  for  the  camera. 

The  Collodion  proeesg. — If  common  cotton  wool  or  flas  be 
steeped  in  a  mixture  of  nitric  and  sulphuric  acids,  and  after- 
wards washed  and  dried,  it  becomes  very  esploaive,  and  has 
received  in  consequence  the  name  of  gun-cotton.  If  a  portioa 
of  the  cotton  or  dax  thus  prepared  be  placed  in  sulphuric  ether, 
it  readily  dissolves,  forming  a  thick  Tolatile  mucilage,  which 
is  called  collodion.  The  way  in  which  it  is  employed  in 
photography  ifi  as  follows,  A  smaJl  quantity  of  the  iodide  of 
potassium  having  been  added  to  the  eoUodioa,  it  is  poured  over 
a  dieet  of  plate  glass ;  the  ether  evaporates,  leaving  a  thin 
film  of  collodion  (holding  iodide  of  potassium)  on  tlie  glass. 
The  glass  is  next  plunged  into  a  solution  of  nitrate  of  silver, 
and  in  a  few  seconds  an  iodide  of  silver  is  formed  upon  the 
collodion ;  It  is  now  highly  siwceptible  to  the  action  of  light. 
Oil  placing  it  in  the  camera  iu  its  "Wct  Btate,  the  collodion  side 
btring  nearest  to  the  leos,  an  image  is  very  quickly  formed 
■hereon ;  when  taken  from  the  camera,  a  solution  of  proto- 
Bulphate  of  iron  is  poured  upon  it ;  instantly  the  image,  whict 
was  before  invisible,  is  developed.  It  is  then  washed,  and  the 
picture  is  fixed  by  passing  over  it  a  solution  of  cyanide  of 
potowdum  or  of  hyposulphite  of  soda.  As  the  filin  of  collodion 
is  extremely  dcUcate  and  easily  abraded,  it  must  be  protected 
by  a  coating  of  some  transparent  varuish. 

7%<i  AUrumen  proeas. — This  process,  which  was  practised 
before  that  by  means  of  collodion,  is  similiir  thereto.  Th« 
sheet  of  glass  is  coated  with  a  film  of  albumen  (white  of  egg) 
which  has  been  iodized  as  the  collodion  was,  aad  the  sensitive 
Unality  ia  pveu  thereto  in  the  same  manner.  This  process 
produces  extremely  beautiful  results,  and  the  aerial  efl'eet  of 
distance  ia  perhaps  bettor  obtained  by  it  than  by  any  other. 
Kr.  Fox  Ttdbot  has  discovered  a  method  of  operating  with 
albumen  which,  from  its  rapidity  of  action,  he  has  tormod 
'■the  install toneoua  process,''  liy  this  method  an  image  was 
obtained  of  a  printed  handbill  mude  to  revolvo  rapidly  on  & 
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wheel  and  lighted  up  during  a  fraction  of  a  aeoond  bj  a 
powerful  cleirtrical  dischaiige. 

IViotfM/raphic  engravlnfj, — Photographic  engrayings  msj  be 
executcfl  on  Htecl  plates.  The  steel  plate  ia  coated  with  a 
aolution  of  gelatine,  and  afterwards  with  one  of  bichromate  of 
potasli  whicli  jKiasesftes  photographic  qualities.  When  these 
solutions  have  dried  ui>on  the  plate,  it  is  ready  to  receire  a 
photographic  image.  I>ct  a  piece  of  black  lace  or  the  leaf  of 
a  plant  be  applied  closely  to  the  surface  of  the  plate  in  a 
photographic  printing  frame,  and  then  exposed  to  the  action 
of  light,  a  yellow  image  of  the  object  will  be  found  impressed 
upon  a  brown  ground.  The  plate  is  then  immersed  in  cold 
water,  which  dissolves  the  film  of  bichromate  and  gelatine 
from  all  the  parts  which  have  not  been  exposed  to  the  sun's 
rays,  thus  leaving  the  photographic  image  quite  visible.  ^Hiis 
image  is  then  etched  into  the  plato  by  pouring  upon  it  a  strong 
solution  of  bichloride  of  platinum.  With  other  objects  a 
negative  photograph  may  be  taken  by  means  of  the  camera,  a 
positive  is  then  produced  on  glass  or  waxed  paper,  and  this  is 
then  j)laced  in  contact  with  the  plate  in  the  some  way  as  the 
leaf  or  lace  above  described. 

Photo-lithotjrapliy. — The  application  of  photography  to  the 
Uth()graj)hic  stone  is  (juito  a  recent  discovery.  The  stone  being 
prcparcMl  in  tlio  usual  way,  it  is  imbued  with  a  weak  solution 
of  sosciuioxido  of  iron ;  it  is  then  placed  in  the  camera  in  a 
moist  b\it  not  a  wet  state ;  and  after  being  exposed  a  sufficient 
time,  tlio  imago  appears  of  a  brownish  colour :  the  picture  is 
still  more  dovel()i)ed  and  fixed  by  means  of  a  solution  of 
carbonate  of  ammonia.  The  stone  is  then  floated  with  water 
to  wasli  away  the  soluble  salts.  This  impression  can  be  made 
to  print  by  ctcliing  the  stone  with  diluted  oxalic  acid,  and 
then  proceeding  with  the  usual  lithographic  process.  By 
moans  of  glass  or  wax-paper  negative  photographic  positives 
may  bo  printed  from  the  stone.  The  stone  is  covered  with 
osplialtuni  dissolved  in  ctherial  oil ;  the  negative  is  then 
broiiglit  in  tloso  contact  with  it  and  exposed  to  the  Hght. 
The  n^sinoiis  coatinj?  loses  its  coherence  in  the  parts  corre- 
sponding to  tlio  lights  of  the  negative.  Upon  blackening  the 
8ton(^  with  lithogrnphic  ink,  the  ink  adheres  to  the  stone  in 
the  (lonudod  parts  only.  The  surface  is  then  treated  with  an 
acid  which  decomposes  the  soap,  spreading  a  fatty  layer  over 


the  entire  surtice  of  tho  atoao.  The  stone  ia  then  wosliccl 
with  alcohol,  which  breaks  up  the  resinoua  umting,  removing 
it  and  the  fatty  layer  thereon,  but  the  previously  denuded 
portions  remain  intact.  The  stone  is  then  etched  and  printed 
m  the  uaual  way. 

PhotO'galvaaographieproetin. — A  plate  of  gliiss  ia  thoroughly 
well  cleaned,  a  quantity  of  glue  ia  dissolved,  and  three  dif- 
ferent solutions  made,  which  we  ■will  number  respectively — 
1,  Nitrate  of  silver ;  2,  Iodide  of  potassium ;  3,  Bicliro- 
inat«  of  potash :  to  each  of  these  some  of  the  glue  ia  added : 
the  largost  portion  to  the  solution  Ji'o,  3,  then  No.  1  is  added 
to  No.  3,  and  both  aolutiona  mined  together;  the  previous 
yellow  Bolution  becomes  u  line  red,  from  the  formation  of  tho 
chromate  of  silver,  which  is  held  in  suspension.  Solution  No.  2 
is  now  added  to  the  mixture  of  1  and  3  ;  the  mixture  loses 
colour  slightly,  hut  it  still  remains  a  fino  red  colour.  This 
misture,  which  involves  some  very  curious  chemical  pheno- 
mena, is  poured  over  a  glaas  plate,  and  by  careful  raanipuln- 
tion  a  perfectly  uniform  film  of  a  red  coloar  ia  produced  j  this 
part  of  the  process  is  performed  in  a  room  illuminated  with 
yellow  light,  and  maintained  at  a  tolerably  high  temperotiire. 
When  soUdifled,  the  plate  b  fit  for  use ;  a  photographic  view, 
a  portrait,  or  an  ordinary  engraving  is  placed  upon  the  gelatine 
tablet,  this  arrangement  is  fixed  in  a  frame,  and  duly  exposed 
to  the  solar  rays.  Ia  the  course  of  a  short  time  all  the  exposed 
partd  blacken  to  a  brown,  and  the  linos  beneath  the  superposed 
photograph  or  print  are  darkened  or  presei'ved  &om  change, 
as  the  case  may  be,  until  a  copy  of  tho  oripfinal  is  obtained 
inverted.  All  the  dark  lines,  or  portions  of  a  print  or  of  a 
photograph,  remain  unchanged.  All  the  light  lines  or  portions 
darken,  the  degree  of  darkening  being  determined  by  the  rela- 
tive transparency  of  the  several  parts. 

Tho  glass  plato  is,  at  the  proper  timo,  taken  from  tho 
copying  frame  and  plunged  into  water.  The  picture  is  now 
perceived  to  be  gradually  developing  itself  with  extraordinary 
beanty.  .411  the  unchanged  portions  of  tho  plate  are  rapidly 
dissolved  off,  and  subsequently  tho  pictui-e  is  produced,  not 
merely  by  differences  in  the  colour  of  the  surface,  hut  by  varia- 
^  tions  in  tho  thickness,  eorrcsponding  with  the  amount  of  actinic 
■  which  haa  taken  place  during  the  exposure  of  the  plate, 
Ljyfhen  tho  proper  effect  is  obtained  tlic  process  is  stopped^  J 
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the  snrftce  dried  off  with  Uotting-paper,  and  the  plate  pre- 
■erred  for  the  sabteqnent  manipulatioii.  It  wiD  be  mider' 
stood  that  the  chromic  acid  of  the  bichromate  of  potash,  at  the 
moment  of  separation  from  that  salt,  when  the  actinic  change 
is  effected,  combines  with  the  gelatine  and  renders  it  insoluble. 
Hence  in  the  picture  we  have  sereral  thidmesses  of  gelatine 
films,  representing  the  high  lights,  the  middle  tones,  and  the 
deep  shadows  with  all  the  beantifU  gradations  between  these 
which  are  obtained  in  a  highly  finished  collodion  photograph. 

This  constitutes  the  photographic  part  of  the  process,  the 
remainder  of  the  manipulations  being  the  preparation  for,  and 
carrying  out  of,  the  electro-chemical  preparation  of  the  copper 
plate  from  which  the  photogalyanographs  are  to  be  printed. 
The  photograph  being  placed  on  a  firm  bed,  a  sheet  of  elastic 
gntta  perehsL  is  spread  over  it,  and  it  is  subjected  to  some 
pressure;  this  receives  a  veiy  perfect  impression  of  the 
picture,  all  the  lines,  however  delicate,  being  fEdthfnlly  pre- 
served: when  this  has  hardened,  its  surface  is  prepared  so 
as  te  render  it  conducting,  and  is  then  subjected  to  the  ordi- 
naiy  electrotype  process,  being  placed  in  a  cell  filled  with 
sulphate  of  copper,  and  connected  with  a  plate  of  zinc,  in  a 
porous  cell  excited  with  dilute  sulphuric  acid.  Thus  a  sheet 
of  fine  copper  is  precipitated  upon  the  mould,  and  a  plate,  the 
reverse  of  the  mould,  is  obtained.  It  will  be  evident  that  we 
are  thus  enabled  to  obtain  either  a  raised  image  or  an  engraved 
impression.  At  present,  the  processes  for  printing  the  plates 
in  relief  arc  not  quite  perfect,  but  the  prints  taken  from  the 
engraved  plates  are  in  a  very  perfect  condition ;  in  these,  for 
the  first  time,  we  see  all  the  minute  details  represented, 
with  the  half-tones  as  finely  given  as  the  high  lights  or  the 
shadows. 

Dagtierreotijpe process. — ^This  process  consists  in  renderings 
silvered  plate  sensitive  to  the  action  of  light  by  exposing  it  to 
the  fames  of  iodine.  On  removing  it  from  the  camera,  the 
picture  is  developed  by  means  of  heated  mercury,  and  fixed  by 
plunging  it  into  a  weak  solution  of  hyposulphite  of  soda. 
Daguerreotypes  are  all  positive  pictures. 

Tbe  polishing  of  the  silver  plate,  after  cleaning  with  a  weak 
solution  of  acid  and  water,  is  effected  by  the  aid  of  charcoal 
powder  and  a  buff,  consisting  of  a  piece  of  wood  covered  with 
cotton  velvet  represented  in  ^^.  274 ;  coating  the  surface^  by 
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Dsing  the  plate  ovtr 
(itutes,  as  rcjiresente 


it  can  be  slid  from  the 
biomine.  The  plate 
is  thca  placed  in  a 
small  darli  ilide  (fig. 
270),  carefully  Re- 
el aded,  and  fxpoeod 
macamera(fig._277) 
to  the  action  of  light : 
the  camera-hox  is 
made  of  deal  or  ma- 
hogany, about  twelve 
inches 


Fig.  277. 

length,  with  a  meniscus  lens,  or  a  set  of  acbromotlo  Icnaci. 
Hero  we  must  direet  the  stndent's  attention  to  what  has  been 
stated  witb  regard  to  the  action  of  light  as  it  posses  through 
lenses,  as  well  as  to  the  composition  of  light,  viz.  that  all  the 
ooloura  which  form  a  ray  of  white  light  are  not  c'lually  re- 
fracted by  lensea,  and  consequently  eunnot  meet  at  the  same 
focus  and  form  a  white  ray ;  and  not  only  does  this  fact  explmn 
the  colouriDg  of  the  image,  bnt  al»o  the  want  of  sharpness  and 
clearness  in  those  parts  of  a  piotare  farthest  from  the  centre, 
or  point  of  focus.  The  following  example  will  perhai>s  render 
tbo  foregoing  more  eitsy  to  be  understood. 


406 


OPTICS. 


If  L  L  (fig.  278)  be  a  double-convex  lens,  and  b  l,  b  l  par* 
allcl  rays  of  white  light,  composed  of  the  many- coloured  rays, 
each  having  a  different  index  of  refraction,  they  cannot  be 
refracted  to  one  and  the  same  point — the  red  rays  being  the 
least  refrangible  to  v ;  the  distance  v  r  constitutes  the  chro- 


Fig.  278. 

matic  aberration,  and  the  circle,  of  which  the  diameter  is  ab, 
the  place  or  point  of  mean  re&action,  and  is  called  the  circle 
of  least  aberration.  If  the  rays  of  the  sun  are  refracted  by 
means  of  a  lens,  and  the  image  received  on  a  screen  placed 
between  c  and  o,  so  as  to  cut  the  cone  l  a  b  l,  a  luminous  circle 
will  bo  formed  on  the  paper,  only  surrounded  by  a  red  border, 
because  it  is  produced  by  a  section  of  the  cone  l  a  b  l,  of  which 
the  external  rays  l  a,  l  b  are  red ;  if  the  screen  be  moved  to 
the  other  side  of  o,  the  luminous  circle  will  be  bordered  with 
violet,  because  it  ^vill  be  a  section  of  the  cone  m  a  m  b,  of  which 
the  exterior  rays  are  violet.  To  avoid  the  influence  of  sphe- 
rical aberration,  and  to  render  the  phenomena  of  coloration 
more  evident,  let  an  opake  disc  be  placed  over  the  central 
portion  of  the  lens,  so  as  to  allow  those  rays  only  to  pass  which 
are  at  the  edge  of  the  glass :  a  violet  image  of  the  sun  will  be 
seen  at  v ;  red  at  r ;  and,  finally,  images  of  all  the  colours  of 
the  spectrum  in  the  intermediate  space;  consequently  the 
general  image  will  not  only  be  diffiised,  but  clothed  with 
prismatic  colours.  Opticians  have  bestowed  much  care  in  the 
eorrection  of  this  and  other  imperfections;  the  result  is 
that  lenses  are  now  constructed  nearlv  free  from  such  defects. 
A  good  lens  being  obtained,  it  is  placed  in  a  tube  at  one  end 
of  a  box,  with  the  necessary  adjustments,  and  the  instrument 
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is  complete.  The  most  simply  constructed  box  is  that  shown  in 
fig.  277,  where  the  lens  is  plaeed  In  one  bos  which  aUdes  into 
Bnother,  bo  that  by  moving  the  box  backward  or  forward,  we 
may  Bisonio  the  correct  adjustment  of  the  focua,  which  is  de- 
termined by  the  distinetnesB  of  the  image  seen  upon  u  plat*  of 
ground  glass  placed  at  the  extreme  end  of  the  outer  twx.  Tho 
ground  glass  at  the  end  of  the  outer  box  should  be  fixed  in  a 
frame  which  falls  into  a  groove,  bo  as  to  bo  easily  remoi'ed  or 
put  in  its  place.  Some  frames,  as  fig.  276,  should  be  made 
which  fit  exactly  into  the  spaco  occupied  by  the  groimd  glass ; 
BO  that,  when  a  frame  is  put  in  its  place,  and  tho  fihuttfir 
drawn  up.  the  prepared  paper  or  plate  coincides  in  sitnation 
with  the  place  occupied  by  the  ground  gloss  preTionaly. 
Several  of  these  frames  may  very  easily  bo  made  to  fit  into  the 
box,  and  each  one  contain  a  sensitive  tablet. 

An  exposure  of  a.  few  pceonds  in  tho  cnmcra  will  suffice  to 
impress  the  image ;  the  plate  is  then  submitted  to  the  vapour 
of  mercury,  heated  to  about  15U  or  200  d^;rec8  in 
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represented  in  fig.  279,  there 
Imtil  the  picture  is  developed,  which 
may  be  seen  by  examining  it  from  time 
to  lime  through  tho  piece  of  yellow 
gLiss  let  into  the  side  of  the  box  ;  it  is 
then  removed,  and  plunged  int^i  a  bath 
of  hyposulphite  of  soda  (tig.  280),  when 
the  iodine  will  be  seen  to  leave  the  sur- 
face rapidly ;  afterwards  let  it  bo  well 
washed  in  clean  water  to  tree  it  from 
the  hyposulphite  of  soda,  placed  on 
a  stand  (tig.  281),  and  tixed  by  jiouring 
a  small  qmmtity  of  the  solution  of 
chloride  of  gold  upon  the  surl'ace ;  this 

must  be  heated  by  placing  a  spirit-lamp  under  the  plate  until 
small  bubbles  quickly  arise 
fluid  is  then  thrown  away,  and  the 
plate  dried  without  delay  over  the 
spirit -liim5». 

Wo  find  in  the  daguerreotype 
process  that  those  parts  of  iodized  Fig.  280. 

""^rer  plate  upon  which  tho  light  has  acted  with  most  power, 
ive,  in  ttie  exposure  to  the  vapours   of  mercuiy,   tho 
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iMTgesi  qnintitj  of  that  Tmponr  over  their  wirfacei,  taid  the 
gradations  of  light  are  marked  very  beantifolly 
by  the  thickneBs  of  these  mercurial  films.  Bat 
remarkable  enough,  the  mercurial  vapour  does 
not  enter  into  combination  with  the  surface  of 
the  plate,  unless  it  has  previously  been  exposed 
to  the  influence  of  light.  A  plate  exposed  to 
the  mercury  before  and  after  it  had  hem.  coated 
with  iodine,  was  not  affected  in  its  after  opera- 
tion in  the  camera  by  this  premature  exposure ; 
so  that  it  is  absolutely  necessary  that  the 
mysterious  influence  of  light  should  be  exerted  ^*gr  281. 
ujxym  the  plate  before  any  degree  of  afSnity  exists  between  it 
and  the  vapour  of  mercury  with  which  it  is  brought  in  contact. 

Interference  of  Light. 

The  phenomena  of  the  interference  of  rays  of  light  are  of 
the  greatest  interest  theoretically,  as  throwing  much  light 
upon  the  intimate  nature  of  the  ray,  and  especially  demon- 
strating its  close  analogy  to  the  lines  of  undulation  or  vibra- 
tion as  observed  in  substantial  bodies. 

Suppose  that  two  equal  systems  of  circular  waves  be  pro- 
duced by  droppin^:  two  pebbles  into  a  still  sheet  of  water,  the 
waves,  as  they  radiate  from  each  centre,  will  cross  one  another. 
But  by  this  crossing  the  number  of  waves  will  be  probably 
diminished  instead  of  doubled.  For  where  the  crests  of  two 
waves  coincide,  the  height  of  the  waves  will  be  doubled ;  but 
where  the  crest  of  one  coincides  with  the  trough  of  the  other, 
the  water  will  become  level.  These  are  what  have  been 
called  "  lines  of  double  disturbance,"  and  "  lines  of  no  dis- 
turbance." WTicre  one  wave  is  half  an  undulation  behind 
the  other  which  it  meets,  the  result  will  be  still  water — ^the 
annihilation  of  both  waves.  The  same  is  observed  of  the 
vibrations  that  produce  sound.  Let  two  stretched  catgut 
strings,  not  in  unison,  be  set  vibrating  simultaneously.  Each 
gives  its  own  note,  but  the  result  of  their  meeting  will  be  a 
compound  sound,  which  remits  and  swells  by  turns.  These 
alternate  dyings  away  and  revivings  are  termed  beats.  One 
string  vibrates  faster  than  the  other ;  when  the  direction  of 
two  vibrations  coincides,  an  intense  note  is  produced ;  when 
they  oppose  each  other,  the  result  is  neutralization  or  silence. 
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MfS  two  pencilB  of  red  or  yellaw  light  be  admitted  into  ft 
mrkened  room  throngh  two  pinkoles  near  each  other  in  tha 
shutter,  and  the  light  be  caught  upon  a  screen  just  beyond  the 
point  where  the  cones  crosa  at  their  edges,  the  phenomenon  of 
interference  will  be  observed  in  ita  simplest  form.  In  the 
cmtre  of  the  screen  will  be  seen  a  bright  spot,  and  on  either 
side  of  this  a  series  of  bands  of  alternate  darkness  and  light. 
But  light  falls  equally  on  the  whole  surface,  so  that  here  the 
addition  of  light  to  light  has  produced  darkness.  Where  the 
wares  of  light  that  meet  differ  in  length  by  one  undnlation,  or 
by  two,  or  by  three,  intensity  resulta ;  but  where  the  difference 
is  ^  a  wave,  1^,  or  2J  waves,  the  two  will  interfere,  beoomo 
neutralized,  and  darkness  results.  One  aperture  being  closed, 
thta  interference  ceases,  and  the  black  bands  disappear.  This 
phenomenon  must  bo  oocnrring  everywhere  during  the  con- 
tinual crossing  of  the  raya  of  light,  but,  owing  to  the  general 
diffusion  of  hght,  it  is  not  perceived  by  the  eye  nntil  two  small 
pencils  are  isolated  in  this  manner. 

If  the  above  experiment  be  jierfonned  with  white  li^t 
instead  of  coloured  rays,  then  another  circumstance  will  result, 
depending  on  the  different  lengths  and  rapidities  of  the  an- 
duiations  in  the  seven  coloured  rays.  One  or  other  of  these 
may  be  neutralized  at  a  particular  spot  without  tho  others 
being  interfered  with.  The  result  is  a  succession  of  iridescent 
or  coloured  bonds  instead  of  a  simple  succession  of  light  and 
darkness. 

Interference  may  occur  with  reflected  light.  K  a  nnmber 
of  parallel  extremely  fine  lines  bo  drawn  on  the  surface  of  a 
plate  of  polished  steel,  an  tndeacent  surface  is  communicated 
to  it.  At  regular  intervals  opposite  the  grooves  there  is  no 
reflexion,  lie  hnea  of  reflected  light  interfere  without  com- 
pensation, and  an  interference  of  the  rays  and  consequent 
bands  af  colour  result. 

The  smrface  of  mica,  mother- of-pcarl,  many  shells,  tho  elytm 
of  coleopterous  insects,  skin  of  &ihes,  and  feathers  of  some 
birds,  produce  a  brilliant  play  of  colours  in  the  same  way  by 
virtue  of  their  ttsture.  That  this  is  the  ease  is  shown  by  our 
obtaining  the  some  colours  on  au  exact  cast  of  such  a  surface 
in  sealing  wax,  &c. 

t  Xhc  iridescent  colours  of  thinplatet  depend  upon  the  inter- 
mce  of  tho  rays  reflected  from  the  upper  and  lower  snrfaccs 
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of  such  a  plate  or  film.  On  account  of  its  extreme  thinness, 
the  reflected  rings  maj  differ  in  length  hj  the  £ractional  part 
of  an  undulation,  and  thus  interfere.  Sir  Isaac  Newton  pro- 
duced a  series  of  rings  of  colour  by  applying  graduated  pressure 
to  two  opposed  plates  of  glass,  llie  lower  had  a  plane  surface, 
the  upper  a  double-convex  lens  of  Tcrj  slight  convexify. 
There  is  between  two  such  plates  a  thin  layer  of  air  increasing 
in  thickness  from  the  centre  towards  the  circumference.  The 
rays  are  reflected  from  the  two  surfaces  of  this  film,  and, 
knowing  the  convexity  of  the  lens  above,  Newton  was  enabled 
to  calculate  the  thickness  of  the  film  requisite  to  produce  an 
interference  resulting  in  a  band  of  one  particular  colour.  At 
and  below  the  thickness  of  two-millionths  of  an  inch,  a  black 
spot  was  produced,  and  above  72-millionths  white  light  was 
reflected.  The  order  of  the  colours  between  these  points  is 
termed  Newton's  scale. 

The  phenomenon  of  diffraetion  is  seen  on  allowing  a  pencil 
of  light  to  be  reflected  from  a  sharp  edge  on  to  a  screen.  An 
interference  of  the  rajs  takes  place  on  accoimt  of  the  inter- 
position of  the  thin  edge. 

Place  a  lens  I  (^g.  282)  of  short  focus  in  a  hole  of  a  window- 
shutter,  and  allow  a  pencil  of  light  horizontally  to  enter  the 


Fig.  282.— Diffraction  of  Light. 

dark  room  through  a  glass  g  g,  which  will  form  a  divergent 
cone ;  and  that  the  light  may  more  certainly  be  of  the  same 
nature,  let  it  pass  through  coloured  glass  before  entering  the 
lens,  which  then  will  give  but  rays  of  one  colour.     Then  at  a 
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short  distance  from  the  focus  put  up  a  screen  es,  havvag  on 
edge  clear  and  thin,  let  the  bottom  of  this  be  on  an  esact  lino 
with  the  focua  of  the  lens ;  at  a  distance  from  the  screen  place 
B,  piece  of  groosd  glass  ( t,  the  top  of  which  may  bo  on  a  level 
with  the  top  of  the  screen,  and  it  must  at  least  bo  twice  tho 
length  of  the  screen. 

On  the  light  passing  through  the  lens,  a  shadow  of  the 
screen  is  thrown  on  the  ground  glass;  on  looking  at  this, 
although  it  proceeds  in  a  straight  hne  from  the  focus  and 
bottom  of  the  screen  to  the  ground  glass,  vet  the  lower  part 
of  the  shadow  is  not  dark,  but  a  degree  of  brightness  rises 
upward,  from  the  Une,  diminishing,  however  gradually,  in 
intensity.  Then  below  the  focal  lino  extended  to  the  ground 
glass,  there  are  seen  alternate  fringes  or  bands  of  light  and 
dark ;  a  bright  one  I  first,  then  a  dark  one  5,  and  so  on,  both 
gradually  decreasing  in  intensity  as  they  descend,  until  they 
become  confounded  with  the  light  which  passes  by  the  edge  of 
the  screen,  ThebandsallstartfiBm  the  edge  of  the  screen,  and 
in  descending  to  the  ground  gla^s  each  describes  a  hj-pcrbolo. 

These  bands  may  he  shown  by  all  the  tints  of  the  spectrum ; 
but  if  the  red  he  commenced  with,  gradually  as  the  tints 
descend  to  the  violet,  the  fringes  or  bands  lessen  in  width, 
and  are  closer  together. 

Now  if  a  ray  of  white  light  pass  through  the  lens  under  the 
samo  circumstances  as  above,  that  is,  having  a  screen  and 
ground  glass,  each  colour  of  which  white  light  is  composed  is 
dif&actcd,  as  if  it  were  that  only  which  is  present.  If  we 
commence  at  the  focal  line  on  the  ground  glass,  the  violet  fails 
iiiBt,  and  the  red  ought  to  come  after  the  white  fringe  border- 
ing the  shadow  ;  but  at  that  part  where  the  red  fails  when  by 
itself,  and  the  other  colours  do  not,  there  is  araixcd  tint.  There- 
fore the  rule  by  which  the  bands  of  individual  colom-s  are 
governed,  being  known  by  the  order  and  nature  of  the  tints 
given  by  white  light,  can  bo  determined. 

The  presence  of  the  lens  to  concentrate  the  rays  is  not  at  all 
necessary  to  this  phenomenon  ;  to  show  this,  we  will  sujipoae 
the  arrangement  to  bo  as  shown  at  fig.  283.  only  that  at  a 
short  distance  from  the  focns,  a  fine  wire  w  w  be  placed  in  the 
course  of  the  rays ;  tho  geometric  shadow  wonld  then  reach 
to  Si,  or  the  ground  glass  screen  { (.  Beyond  this,  on  each 
oAe,  tg,  ('  I',  fringes  may  be  seen,  resembling  those  ari^ng- 


, t  1801), 

OfwtarwdtlH  mmhtuln-  nd  *rf.Mi.i^  dw 
li^it.  Tliis  be  deHHMMtnted  iqr  Bakbig  ui  expenmeot  «C  ChB 
knid  nwnAkned  abcnv.  ThiS  nys  of  die  fton  (|iiiiiiiiMilj  In 
eoBTemenoe  bimiglit  into  a  iuMiumtal  dimtiim  Ij  m.  Bunor 
oataide)  were  sdmitted  into  s  dark  room  thion^  *  jm  fait. 
UpoD  a  table  jiut  beneath  the  lerel  n,j,  vm  diapwed  mm» 
li^  moreable  card  screeiu,  which  coold  intercept  tbe  wfatfc 
or  part  of  h.  This  eonstitated  the  vhnle  appuntna.  On* 
laiger  screen  was  placed  at  a  conaideTaUe  distuiee,  and  «i« 
wholly  illiuaiiiated  by  the  hcam  of  light.  Between  ihw  tai 
the  pin-hole,  the  others  could  be  shifted  to  different  distaMM. 
or  mored  sideways  as  occa^on  reqiuired.  When  any  ooo  of 
them  waa  placed  so  as  to  intercept  a  part  of  the  light  by  ito 
edge,  its  shadow  on  the  permanent  screen  presented  the  coi- 
temal  fringes  of  Grimaldi  and  Ketrtim.  Bnt  it  was  go  Hm 
inlenial  buids  that  Yoong  fixed  his  attention,  whitji,  wfaM 
a  narrow  slip  of  card  waa  used,  ran  pomlkl  t*)  the  mlm^ 
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t  (be  eame  breadth  Ihroiighout,  alteniately  dark  and  bright 
(t  whidi  occupied  the  exact  centre  being  always  bright. 

Young  perceiTed  at  once  the  bearing  of  this  fact.  The 
beam  of  light  was  to  his  mind's  eye  a  eeries  of  waves  pro- 
pagated onward  from  the  pin-hole.  The  card  acted  merely  as 
an  obstacle  ;  round  ita  edges  sets  of  waves  diverged  anew ;  and 
by  their  crossing  and  mingling  with  each  other  in  alternate 
poiata,  reinforced  or  nentralized  each  other;  thiw  giving  a 
series  of  dark  and  bright  spaces.  Conclusive  subsequent  ex- 
periments proved  this  to  be  the  true  exjilanation  ;  which  was 
readily  extended  to  the  exttriial  interference  of  the  now  waves  J 
with  the  original  set  at  each  aide.  \ 

Fresnel  subsequently  extended  the  analytical  details  of  the 
theory,  and  made  several  important  improvements  in  the  mode 
of  conducting  the  demonstration.  One  of  the  most  material 
improvements  was  this;  it  was  held  that  the  edge  of  the 
intercepting  body  exerted  itself  some  pecohar  action  on  the 
rays.  To  disprove  this,  be  devised  a  simple  and  decisive 
experiment,  in  which  no  material  substance  whatever  was 
interposed,  but  two  etrearaa  of  light  were  made  simply  to  act 
on  each  other. 

light  originating  from  a  single  luminous  point  was  divided 
into  two  streams  by  being  reflected  from  two  plates  of  glass 
ha^-ing  the  slightest  imaginable  incbnation  to  each  other,  or 
b'ansmittcd  through  a  plate  of  glass,  one  of  whose  surtkcce 
was  cut  with  two  faces  having  the  like  small  inchsation  ;  the 
two  streams  thus  crossed  at  an  extremely  acnt«  angle,  and  at 
the  point  of  intersection  exhibited  a  distinct  and  virid  set  of 
dark  and  bright  stripes,  by  means  of  an  eye-piece  having  its 
focus  at  the  intersection.  In  this  case  the  interference  is 
exhibited  in  perfect  simplicity  and  independence ;  and  in  the 
full  effiilgence  of  the  united  illuminations  of  the  two  lights, 
the  alternate  inten-als  are  aa  intensely  black  as  if  the  rays 
■were  shut  out  by  the  most  impenetrable  screen. 

The  prinnple  of  interference  io  characterized  by  the  high 
generality  of  its  application.  On.ec  recognized,  it  connected 
by  a  common  law  all  the  divereifiod  effects  hitherto  imagined 
due  to  an  equal  diverrily  of  causes, — the  colours  of  thin  films ; 
the  difiraeted  bands ;  the  coloura  of  fine  dew,  and  fibres  rf 
narrow  groves,  of  mother-of-pearl,  investigated  by  Toung 
Brewster,  as  aitenrards  those  of  gratings  and  apertiiroe  aj 
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t»  the  c«9Mt-fiMi  ci  %  uiestopt  !)j  FznEikoCer:  vkile 
m^-AtoT  appocasks  ix  vu  feo&d  to  obxitte  cSk  okyectMK  vU^ 
4ke  ntuluktmr  txmn^isih^il  ^f^psatd  •«>  tSte  va.pr  tlKiaiT :  and 
laser  hwgar/yt  of  Ivadfr  focBM  by  paztui  iattncpiioR  of  die 
piissade  fpmnoi,  oc«RT«d  by  Brtv^cer.  Any.  and  Fofwdl, 
and  tike  e«xS>:<»se  c;>>Tt*ari«»  c^T  wariy  all  pcoisibMe  fwtlBni- 
Ci£HU  of  diffnmTe  pikfnofliefia  by  Sthw«d.  haye  afixded 
eqaally  soeceadiiil  pr>a£i  of  its  fenuhy.  Tlie  vndolatoiy 
tiuorr.  dtttt^^t  as  il  icav  be.  is  aot  onlr  toe  best,  but  the 
<niiIt  t&et)rr  we  have. 

Dif/yi€timk. — For  sliowing  the  pbciicoieiia  of  difiaetioii 
of  liziit.  a  cKiv^eni  fonn  of  apparatus  bas  been  dcriaed 
by  Mr.  John  Bridge,  tonsisdne  of  a  Itus  placed  in  an  aper- 
ture in  a  dark  scxeen.  on  wbicb  dirMt  sim-Ii^t  is  reflected  bj 
a  mirror.  When  the  imase  ei  the  son  in  the  fixoa  of  ttie 
lens  is  viewed,  by  a  small  telescope,  tbiou^  tnm^arQit 
apertures  of  various  sh^ies  in  an  opake  film  «f  edOodioii,  -pro- 
Sliced  by  photography,  the  effects  produced  are  extzemdy 
varied  and  beantifuL 

The  brilliant  tints  of  soap-babbles,  and  oi  thin  plates  of 
Taiious  transparent  l:<odie$.  afford  further  examples  of  inter- 
ference of  light :  for  the  undulations  redeeted  £rom  their  first 
Kurfaccs  interfere  with  those  reflected  fo>m  the  second ;  and 
upon  the  amount  of  r^tardadju  thus  experienced  by  the 
luminous  waves,  the  varieties  of  cc>loui^  observed  in  these  thin 
plates  depend. 

The  interference  of  hght  has  opened  up  to  the  chemical  philo- 
sopher a  wide  and  promising  field  of  interest.  It  has  lately 
been  shown  in  a  beautiful  series  of  experiments  made  by  Pro- 
fessors Bunsen  and  Kirchhoff,  that  we  possess  an  accurate 
method  of  chemical  analysis  by  spectrum  observations. 

This  exquisite  method  of  qualitative  analysis  is  founded  on 
the  power  possessed  by  many  substanc-es  of  developing  peculiar 
bright  lines  in  the  spectrum  of  a  llame  in  which  they  are 
introduced.  The  bright  lines  produced  in  this  manner  show 
themselves  most  plainly  when  the  temperature  of  the  flame  is 
highest  and  its  iUuminating  power  least :  hence  Bunsen*s  gas- 
burner,  which  gives  a  flame  of  very  high  temperature  and  very 
slight  lumiuosity,  is  well  adapted  for  experiments  on  the  bright 
lines  of  the  flame-spectra. 

The  apparatus  employed  by  Messrs.  Xirchhoff  and  Bunsen 
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in  their  spectrum  observations  is  th.us  represented  and  de«eribed 
in  Poggendorff's  'jinnalen.' 

*  (fig.  284)  IB  a  box  blackened  on  the  inside,  having  its 
horimitta]  Bccdon  in  the  form  of  a  trapezium,  and  resting  on 
tliree  feet ;  the  two  inclined  sides  of  the  box,  which  are  placed 


at  an  angle  of  about  58°  from  each  other,  carry  the  two  small 
telescopes  b  and  c.  The  eye-piece  of  the  first  telescope  is 
removed,  and  in  its  place  is  inserted  a  plate,  in  which  a  slit 
made  by  two  brass  knife-edges  is  so  arranged  thut  it  coincides 
with  the  focus  of  the  object-glass.  The  gas-lamp  a  stands 
before  the  slit  in  such  a  position  that  the  mouth  of  the  flame 
is  in  a  straight  line  with  the  axis  of  tho  telescope  b.  Bomo- 
what  lower  than  the  point  at  whidi  the  axis  of  the  tube  pio- 
duccd  meets  the  mouth,  the  end  of  a  fine  platinum  wire  bent 
round  tit  a  hook  is  placed  in  the  Same.  [The  common  sptrit- 
lantp  answers  the  purpose  equally  well;  the  salt  should  be 
either  mixed  with  the  spirit  or  introduced  into  the  cottoa  wick.] 
The  platinum  wire  is  supported  in  this  jHwition  by  a  small 
holder  r„  and  on  to  the  hook  is  melted  a  globule  of  the  driod 
chloride  which  it  is  refjuircd  to  examine.  Between  the  objeot- 
elnsses  of  tho  teleacopea  n  and  c  is  placed  a  hollow  prism  r. 
Ailed  witii  bisulphide  of  carbon,  and  having  a  refracting  angle 
f  (S0° ;  the  prism  rests  upon  a  brass  plate,  moveable  about  a 
"""oal  axis.     The  axis  carries  on  its  lower  part  the  mirror 
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•,  and  thvw^  dMS  die  ani  ■.  wiofiL 

t^ywTTigr  the  piiam  and  minor.     A  si&ill 

wmr  off  »  direeted  towardi  the  mizror.  sad  i&x<j«A  a 

aeope  aa  xzzu^  of  a  horizaasal  scale  ixsd 

from  the  minor  ia  obaervcd.     Br  ts^-n^g  t&e 

ererr  ooloor  of  the  spectncn.  say  be  sLuie  ■ 

Tercical  wire  of  the  teleaocne  c 

the  ^tectnim  thoA  broodit  to  waTwip  wi&  tibr  leg'Jeal 

Each  porticnLir  portiozL  «f  the  ipniiaiH  rham 

certaxn  point  on  the  acale.     If  the  ]»wfMfU  of  di 

ia  rerr  small,  the  wire  of  die  teiraenpf  c 


by  means  of  a  lenaw  which  throwa  a  pacooiL  cf  die  ran  froat  a 
lamp  throogh  a  wommR  opeszng  in  dM»  ade  of  dba  csbe  of  ik^ 
teleacopec 

ProB  a  loD^  WBOBB  of  paffimm.irT 


appantoiy  the  anthocs  aatiaficd  thniwflfga  dbaisdiei 
of  certain  btig^  fines  in  the  ^Kctramajberesizded  asahoo- 
faite  proof  of  tbit  preaenee  in  the  fiame  of  certafn.  mecalac  and 
that  theT  serre  wm  jeactiona,  hv  means  of  which  these  bo^es 
may  be  recoemiad  with  more  certainty,  grearo'  qnickneaB.  and 
in  far  smaller  qoantiries,  than  can  be  cone  by  help  c€  may 
other  known  analvti>:al  method,  no  matter  what  may  be  die 
nature  of  the  bodv  with  which  the  metals  are  combined. 

The  wonderfdl  delicacy  of  the  spectrxim-reaction  of  sodiwm 
is  evinced  by  the  following  experiment.  In  the  experimoit 
room^  the  capacity  of  which  is  ab»>ut  f3*J  cubic  metres  { one 
cubic  metre  =  35*3  cubic  feet  i.  was  bum;  a  mixture  of  3 
milligrammes  ( O-^M^^  gr."^  of  chloride  of  sodium  with,  mzlk- 
Eugar.  whilst  the  non-luminous  fane  of  the  lamp  was  obeerred 
through  the  slit  of  the  telescc?pe.  Within  a  £?w  minutes  the 
flame,  which  gradually  became  pale  and  yellow,  gave  a  dfsdnel 
yeHow  sodium  line,  coincident  in  the  sc^ar  spectrum  with 
Fraunhofer  s  dark  line  D.  lasting  for  about  ten  minutes,  and 
then  entirely  disappearing.  From  the  weight  of  the  sodium 
salt  burnt,  and  the  capacity  of  the  room,  it  was  calculated  that 
in  one  part  by  weight  of  air,  there  was  suspended  less  than 

-5 1 of  a  part  of  soda  smoke.     As  the  reaction  can  be 

quite  easily  observed  in  one  second,  and  as  in  this  time  the 
quantity  of  air  which  is  heated  to  ignitiofi  by  the  flame  could 
be  calculated  from  the  rate  of  issue,  and  from  the  compositian 
of  the  gases  cf  the  flame,  the  soipdang  result  c»ne  ont  that 
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a  able  to  detect  with  the  greatest  oaso  quantities  of 
ffinm  salt  leea  than  ygj^^j^nr  "^  "  miUigranime  in  weight. 
The  reaction  of  potassium  is  not  so  delicate ;  the  apectnim 
contains  only  two  choroctcnBtic  lines,  one  in  the  outermost  retl, 
and  the  other  far  in  the  tt'olel  ray  of  the  solar  spectrum — 
points  at  which  the  eye  ceaaes  to  be  scnaitiTe  to  tb.o  rays. 
The  presence,  however,  of  Ythm  "^  *  milligramme  of  the  metal 
oould  be  readily  detected.  Lithium  pves  two  sharply  defined 
lines — tie  one  a  very  weak  yellour  lino,  and  the  other  a  bright 
red  line,  both  towards  the  extreme  red  end  of  the  solar  spec- 
trum ;  though  the  reaction  is  not  so  sensitive  as  with  sodium, 
it  ia  by  tax  the  most  delicate  test  for  the  metal,  the  cyo  being 
capable  of  distinguishing  with  ateolute  certwnty  a  quantity  of 
carbonate  of  lithium  less  than  j^ij^ij^^ix  of  a  milligramme  in 
weight.  The  authors  found  to  their  surprise  that  lithium, 
instead  of  being  a  rnre  substance,  was  a  very  widely-distributed 
one,  occurring  in  almost  all  bodies.  They  found  it  in  the  water 
of  the  Atlantic ;  in  the  oahea  of  marine  plants ;  in  pure  spring 
water;  in  the  ashes  ef  tobacco.  Tine-leaves,  and  of  grapes; 
and  even  in  the  millt  of  animals  fed  on  crops  growing  in  ths 
Khine  plain,  on  a  non-granitic  soil.  Strontium,  bariwm,  and 
ealcium  all  give  characteristic  spectra;  that  of  strontium  is 
characterized  by  the  absence  of  ^«n  bands.  It  contains, 
however,  eight  remarkable  ones,  namely,  six  red,  one  orange, 
and  one  blue  line.  To  examine  the  intensity  of  the  reaction, 
Eirchhoff  and  finnsen  threw  up  into  the  air  of  tho  room,  in 
the  form  of  fine  dust,  0-')77  gna,  of  tho  chloride,  and  thoronjAly 
mixed  the  air  by  rapidly  moving  on  umbrella ;  tho  l^ncs 
immediately  came  out,  and  realized  the  presence  of  the  y^l^^ 
part  of  a  milligramme  of  strontium.  The  barium  spectrum  is 
distinguished  by  two  very  distinct  ffreen  lines,  by  which  the 
snthors  were  enabled  to  detect  with  certainty  j-;^  of  a  milli- 
gramme of  the  metal.  Calcitnu  gives  a  brood  and  veij 
diaraeteristic  green  line,  and  moreover,  a  bright  oranr/e  line 
lying  noar  the  red  end  of  the  spectrum.  7  o  a  o'a  a  ii "  °^  "  milli- 
gramme  of  the  chloride  of  tho  metal  conld  be  easily  detected. 
It  ia  portieularly  wori;hy  of  note  that  the  spcctra-readiona  of 
different  metals  do  not  interfuro  with  one  another ;  that  each 
being  characterized  hy  some  one  or  more  special  lines,  it  is 
f  to  make  a  qualitative  analvBis  of  a  compound  containing 
il  elements :  thus,  Eirchhoff  and  Unnson  were  enabled  to 
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exhibit  the  reactions  of  potassitun,  sodium,  lii 
and  utrontium,  in  devenii  mini^ral  watezs :  to  Aaw 
of  mHiium,  potitMium,  lithium,  and  calcium  in  tile  aik  <tf  a 
moistened  with  hTdrorhlurxL*  oirid.  and  to  point  ant 
in  the  rompusition  of  variuuii  limestones.     Bat  the 
triumph  of  the  new  method  of  anuly^  was  the  difleafvwr  «f 
aanther  nu^mher  of  the  ;rroup  *it  ^ilkoii  metals.     While 
rm  the  itMidiie  of  a  mineral  water  from  Ereoznaeh.  a 
wan  obtained  which  save  line:*  as  simple  and  oharactezistifr  i 
those  of  lithium  and  .soiiiiim.  })ut  which  were  h/ue,  and 
not   referable   to   :my   known   element:    these   inde&txpdife 
chemist*  evaporariMi  down  no  Ies»s  a  quantitr  than  twenty  t&m 
of  the  water,  and  obtained  '24*. >  stains  of  the  pLmnnm  salt  of 
the  new  metal,  whii:h  they  «all  oaiium,  from  the  T"^»^^  word 
€(psifu,  iaurnifyins:  ^n^yL^h  bine,  that  beins*  the  tint  of  die  two 
spectral  lines  which  it  :4how:!i.     The  new  metal  is  veiy  anale- 
gonH  to  potassium,  but  differs  fnim  it  in  the  solubilicr  «if  its 
nitrate  in  al(*ohoL     IL'*  ei^iiiTalent  number  is  LI 7.  beinsrexacdy 
three  times  that  of  p*)ras5ium.     It  is  searwiy  potssible  to  orw- 
rate  the  probable  importanrre  t4)  chemiL'al  science  of  diis  sew 
and  beautiful  methorl  of  analyisis.     **  In  spectrrnn  analyw«** 
observe  the  authors.  "  the  col-^ured  ban^L*  are  unafBectetl  by 
anv  airer:i.tion  of  ;}hvT.ii.»al  von  iirii>n:*.  or  Vv  the  presence  of 
other  bt^es.     The  p«>gLd'"ind  whicii  the  liiies  occupy  in  the 
spectnim  indioaro  th^*  existoz-.i^  -rf  :i  <riienii-':il  property  as  un- 
alterable aa  the  ci"iiii';:iniii*  weiirhti  i:hem:?oLv.is,  and  mav  there- 
fore  be  eatimactd  with  almost  astrrnoniical  preoLaon :  it  extends 
almost  to  inanity  rho  lindrs  within  which  the  chemical  charae- 
teri-stios  of  matter  have  hirhorti)  been  conlined.     By  an  appli- 
cation of  th'?  meih'id  to  geol:qrloal  inquiries,  the  most  valuable 
resulL-^  may  be  expoi  :eu :  ir  opi:ns  >:-uz.  moreover,  the  investi- 
gation of  an  entir^^Iy  uL.:r::^icn  neld,  stretchina:  even  beyond 
the  solar  sv?tem :  i  r  in  order  to  exj-ziine  the  oomp«?tHtion  *:i  a 
Inmin-jus  gaa,  we  rt'iiuirc.  ajcoriiinj  t.>  this  me^«>i.  only  t.i 
see  i:  :  arM  it  i?  t-vil  n:  that  :hr-  <a:ne  m-tie  oc  anaiyT*Ls  must 
be  artr^'-iv-tiMe  to  tiij  a:ni-:sT?z.-:rc  c:  th..  ?uii  azd  of  the  brighter 
fixed  stars.'* 

Huycher^s  and  oth  r>  having  ocs:rved  that  a  ray  of  lisrht 
has  net  the  same  properties  in  every  part  of  its  circumference. 
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oompar'id  it  to  a  magnet,  or  a  collection  of  magiicts ;  and  aup~ 
posed  that  the  minute  pHiticlos  of  which  it  was  said  to  be 
composed  had  different  poles,  which,  when  acted  on  in  certain 
ways,  arranged  themEelves  is  particular  portions;  hence 
the  term  po}ari::ation,  a  t«rm  having  neither  reference  to  cause 
nor  effect.  It  is  to  ilaliis,  however,  who.  in  1808,  discofered 
polarization  by  reflexion,  that  we  are  indebted  for  the  series 
of  splendid  phenomena  which  iav©  since  that  period  been 
developed;  phenomena  of  such  surpassing  bcau^  as  far  to 
exceed  any  thing  which  can  bo  presented  to  onr  eyes  under 
the  microscope.  It  has  been  truly  obserrod  by  Sir  David 
Brewster,  that  "the  application  of  the  prineiplos  of  double 
refraction  to  the  examination  of  stracturcs  is  of  the  highest 
value.  The  chemist  may  porfona  the  most  dcsterous  aualj-sis ; 
the  erystallographer  may  esaraine  crystals  by  the  nicest 
determination  of  their  forms  and  cleavage  ;  the  anatomist  or 
botanist  may  use  the  dissecting'  kaifo  nod  microscope  with 
the  most  exquimte  skill;  but  there  are  still  structures  in  the 
mineral,  vegetable,  and  animal  kingdoms  which  defy  all  snch 
modes  cf  examination,  and  which  will  yield  only  to  the  ma^col 
analysis  of  polarized  light.  A  body  which  is  quite  transparent 
to  the  eye,  and  which  might  be  judged  as  monotonous  in 
structure  as  it  is  in  aspect,  will  yet  exhibit,  under  polarized 
light,  the  most  exquisite  organization,  and  will  display  tbe 
result  of  new  laws  of  combination  which  the  imagination  even 
could  scarcely  have  conceived.  In  evidence  of  the  utility  of 
this  ageot  in  exploring  mineral,  vegetable,  and  animal  struc- 
tures, the  extraordinary  organization  of  upopbyllito  and 
analuimc  may  be  referred  to ;  also  the  symmetrical  and 
figurate  depositions  of  siliceous  crystals  in  the  epidermis  of 
ei)uisetaceous  plants,  and  the  wonderful  variations  of  density 
in  the  crystalline  lenses  of  tbe  eyes  of  animals." 

If  we  transmit  a  beam  of  tbe  aun's  light  through  a  circular 
aperture  into  a.  darkened  room,  and  if  we  reflect  it  from  any 
crystallized  or  uncryatallized  body,  or  transmit  it  through  » 
thin  plate  of  cither  of  them,  it  will  be  reflected  and  transmitted 
in  the  very  same  manner,  and  with  the  same  intensity, 
whether  the  surface  of  the  body  is  held  above  or  helow  the 
beam,  or  on  the  right  side  or  left,  provided  that  in  all  eases  it 
falls  upon  the  surface  in  the  same  manner;  or,  what  amonnts 
tu  the  some  thing,  the  beam  of  Bolar  l^ht  has  the  same  pro- 
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besa  of  comarin  II;Hit  br  a  circle  with  two  diametos  mhytdy 
at  light  aogJen  U>  f^ach  odier. 

If  we  now  aDftw  the  same  beam  of  Hsht  to  fall  nooxi  a  riunb 
of  Iceland  npar,  and  examine  the  two  czrciilar  beams  o  0.  k  e 
iDrmed  br  dMible  refraction,  we  fehall  find. — 1st.  that  the  beam 
0  0  £  «  have  difT^^ent  properties  on  different  sides^  30  that  each 
of  them  differs  in  this  respect  from  the  beam  of  ccsmoii  light. 

2nd.  That  the  beam  0  o  differs  from  e  «  in  nothing  excepting 
that  the  ifsroikx  has  the  ^me  properties  at  the  sides  a  b'  that 
the  latter  has  at  the  sid^  c  £tnd  <f ;  or  in  general,  that  the 
diameters  of  the  >/>am.  at  the  extremities  of  which  the  beam 
has  similar  propertied;,  are  at  right  angles  to  each  other,  as  a  h' 
and  c  and  d'  for  example. 

These  two  beams,  00,  xe,  sue  therefore  said  to  he  pol^rrtsed, 
or  to  be  beams  of  polarized  light,  because  they  hare  sides  or 
poles  of  different  properties  and  planes  passing  throagh  the 
lines  ah,  cd;  ox  a  h\  c  cT  are  said  to  be  the  planes  of  polar'- 
izatif/n  of  each  beam,  because  they  have  the  same  property, 
and  one  which  no  other  plane  passing  through  the  beam 
possesses. 

l^ow  it  is  a  cnrions  fact,  that  if  we  cause  the  tvo  polarized 
beams  o  o,  e  ^  to  be  united  into  one,  or  if  we  produce  them  by 
a  tiiin  plate  of  Iceland  spar,  which  is  not  capable  of  separating 
them,  we  obtain  a  beam  which  has  exactly  the  same  piopertiea 
as  the  beam  a  5  e^  of  conmum  hght.    Hence  we  infer  that  a 


nof  oammanlij^ht,  d&eif,  oonsistBof  (wobonoiHof  polurtxod 
l^lt,  whoeu  jilunD  of  polwimtion,  or  whuso  diamotors  of  siroilar 
properties  are  iit  rifjlit  angle*  to  ono  aiiotber.  If  oo  is  laid 
above  e e,  it  will  prorlupo  a  fiRuro  like  abed;  aod  we  Bboll 
therefore  rcpresi-'nt  common  light  by  aucb  a  flguro.  If  wo 
were  to  place  o  o  ubove  b  «,  so  that  tlm  pianos  of  poldrufttion 
«'  6'  and  c'  d'  coincide,  then  wo  should  havu  a.  beam  of  poloriEod 
light  twice  lu  huninuiM  an  citbcr  on  or  e  r.  and  poHCssing 
exactly  the  somo  properties ;  fur  the  Uom  of  similar  property 
in  tho  one  boun  oiiincide  \vith  tha  Udm  of  Hlmilar  property  in 
the  other.  Hennc  it  fullows  thut  there  are  throe  ways  uf 
converting  a  be-urn  of  cunimoii  liglit,  abed,  into  A  boon  or 
beams  of  polnrizod  light. 

Ist,  Wo  may aopuriit©  tlio  beam  of  eommon  Hght.«6erf,  j 
into  itH  component  parts  o  o  and  k  e.     2nd.  Wo  may  ttt(B  I 
round  tho  pianos  of  polarization,  abed,  till  tlioy  coincide  Of 
aro  parallel  to  each  other.     3rd,  Vfo  may  absorb  or  slop  ono  of 
tho  beams,  and  loavc  the  other,  whi(Ji  will  oonscqucntly  bo  in 
a  state  of  polnriuLtion, 

For  tho  purpose  of  produi^inji  tho  phenomenon  of  polarized 
light  we  employ  n  doubly  roHectiag  crj-otul,  made  from  a  trans- 
parent mineral  Babstnnce  rjilW  leflarui  iipar,  eatcareotti  ipar, 
earhotiole  of  Vime  or  ealciti.'.  Iceland  spur  in  composed  of  tifty- 
'  parts  of  lime  and  forty-four  parts  of  corbonio  oeid ;  it  is 
id  in  Torions  shapes  in  iJmoKt  all  oountrio*;  but  whether 
id  in  oj^-Btals  or  m  mnssm,  wo  can  olwnyK  eloavo  it  or  split 
ito  a  shape  represented  by  fig.  28tl,  which  is  colled  a  rhomb 
tit  looland  spar,  a  solid  boimded  \ry 
six  equal  and  similar  rhoniliuidnt 
surfaces,  whose  sides  arc  parallel, 
md  whose  angles  6  a  e,  acd,  arc 
101°  56'  and  78°  6'.  The  lino  a  <e, 
tlie  ari*  of  tht  rhomb  or  of  tho 
I,  is  oqually  inclined  to  oouh  of 
tix  faces  at  an  angle  of  -fS"  23'.  - 

It  is  very  Iransparont.  and  generally  * 

eolourlejiB.     It*i  natural  faces  when  it  in  uplit  aro  commonly 
even  and  parfucUy  polished ;  but  when  they  are  not  »o,  wo 
amy  by  a  now  deaTorage  replace  the  imiHTfout  face  by  n  bettor 
"   !,  or  wo  may  grind  and  polish  on  impi^rfmst  face. 
"  't  found  that  in  all  bodies  where  there  seema  lo  be  a 
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regularity  of  stmctare,  as  salts  and  crystallized  mineialSyOii  li^it 

passing  through  them  it  is  divided  into  two  distinct  penols. 

If  we  take  a  crystal  of  Iceland  spar,  and  look  at  a  black  line 

or  dot  on  a  sheet  of  paper,  there  will  appear  to  be  two  lines 

or  dots ;  and  on  turning  the  spar  round,  these  objects  will  seem 

to  turn  round  also ;  and  twice  in  the  revolution  they  will  fiiU 

upon  each  other,  which  occurs  when  the  two  positions  of  the 

spar  are  exactly  opposite,  that  is,  when  turned  one-half  from 

the  position  where  it  is  first  observed.    In  the  accompan3^g 

diagram  (fig.  287)  the  line  appears  double,  as  a  6  and  c  dy  or 

the  dot,  as  e  and  /. 

Or  allow  a  ray  of  light 

ghtQ  fall  thus  on  the 

crystal,  it  will  in  its 

passage    through    be 

separated    into    two 

rays,  A/,  ^  e ;  and  on 

coming  to  the  opposite 

surface  of  the  crystal 

they  will  pass  out  at 

«/in  the  direction  of 

%  hy  parallel  to  g  h. 

The  plane  Imno  is  ^- 287. 

designated  the  principal  section  of  the  crystal,  and  the  line 

drawn  from  the  solid  angle  I  to  the  angle  o  is  where  the  axis 

of  the  crystal  is  contained ;  it  is  also  the  optic  axis  of  the 

mineral.     Now  when  a  ray  of  light  passes  along  this  axis,  it 

is  undivided,  and  there  is  only  one  image ;  but  in  all  other 

directions  there  are  two. 

If  two  crystals  of  Iceland  spar  be  used,  the  only  difference 
will  be,  that  the  objects  seem  further  apart  from  the  increased 
thickness.  But  if  two  crystals  be  placed  with  their  prindpal 
sections  at  right  angles  to  each  other,  the  ordinary  ray  refracted 
in  the  first  will  be  the  extraordinary  in  the  second,  and  so  on 
vice  versa:  at  the  intermediate  position  of  the  two  crystals 
there  is  a  subdivision  of  each  ray,  and  therefore  four  images 
are  seen ;  when  the  crystals  are  at  an  angle  of  45°  to  each 
other,  then  the  images  are  all  seen  of  equal  intensity. 

If  we  take  a  piece  of  that  crystallized  mineral  called  totirma- 
line,  cut  about  -^th  of  an  inch  thick,  in  a  direction  parallel  to 
the  axis  of  the  prism,  we  see  a  candle  through  it  as  if  it  were 
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•(piece  of  emoked  glass,  and  no  change  in  tho  candle  takes 
place;  but  if  wo  place  another  piece  between  it  and  the  candle, 
and  turn  round  slowly  the  first  piece,  the  candle  will  appear 
to  be  shut  off  from  view  at  every  quarter ;  turn  them  gradually, 
and  it  will  come  again  into  sight,  and  again  disappear.  Thu 
arises  £rom  the  axes  of  the  pieces  of  tourmahnc  being  different, 
and  preventing  the  passage  of  the  rays  of  light,  only  freely 
admitting  them  when  the  axes  of  both  plates  are  paraUel  to 
each,  other.  This  Profesaor  Whewell  expresses  as  "  opposite 
properties  in  opposite  directions,  so  esactlj"  equal  as  to  bo 
capable  of  accurately  neutralizing  one  another." 

Dr.  Kerapath  has  succeeded  in  making  artificial  tourmalines 
lai'ge  enough  to  surmount  the  eye-piece  of  the  microscope ;  so 
that  all  experiments  with  those  crystals  upon  polarized  light 
may  be  made  without  the  tourmaline  or  NicoL's  prism. 

If,  instead  of  viewing  the  reflected  ray  through  a  tourmaline. 
wo  place  another  plate  of  glnas  bo  thai  the  reflected  ray  may 
faU  upon  it  at  the  same  angle  as  upon  the  first,  this  second 
plate  may  be  made  to  tarn  roimd  its  axis  without  varyinft  the 
angle  which  it  makes  with  the  in.y  which  falln  upon  it.  When 
tlie  two  planes  of  reflexion  coincide  with  each  other,  the  my 
of  light,  or  luminous  object,  will  be  reflected  from  the  second 
glass  in  the  same  manner  as  from  the  first ;  but  if  we  turn 
the  second  glass  round  a  quadrant  of  a  circle,  so  as  to  make 
the  planes  of  reflexion  perpendicular  to  one  another,  the  whole 
of  the  ray  will  pass  through  the  second  glass,  and  none  of  it 
will  bo  reflected.  Let  us  turn  the  second  glass  round  another 
quadrant,  so  as  to  make  the  planes  of  rcfiexion  again  coinude, 
and  the  ray  will  be  again  wholly  reflected,  When  the  gloM 
has  been  turned  round  three  quadrants,  the  b'ght  will  be  ogiun 
extinguished. 

As  both  the  pencils  of  light  into  which  a  ray  is  divided  by 
passing  through  a  rhombobedron  of  Iceland  spar  are  polarized, 
but  in  opposite  directions,  on  viewing  the  reflexion  of  a  lamp 
from  glass,  at  the  proper  polarizing  angle,  through  such  a 
crystal,  the  two  images  will  alternately  appear  and  disappear 
as  it  is  turned  upon  its  axis. 

It  may  perhaps  assist  our  comprehension  of  the  connexion 

of  these  phenomena  to  illustrate  them  by  a  rough  analogy :  a 

py  of  common  light  as  it  b  emitted  from  a  self-luminous  body 

e  may  conceive  to  revolve  upon  on  axis  coincident  with  its 
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vliite  light  aa  it  posses  through  a  crystalliiLed  eubstance  hanug 
a  single  osis,  there  ore  acen  rings  of  Torious  prismatic  colours, 
that  change  as  the  portion  of  the  tourmaline  is  altered.  On 
the  axis  of  the  tourmaliiic  being  brought  into  the  piano  of 
polanzation,  then  a  rich  black  cross  is  seen  crossing  the  coloured 
rings ;  gradually  as  the  tourmalioo  is  turned,  the  black  cross 
fades  away;  and  when  in  the  opposite  direction,  the  white 
one  supplies  its  place,  and  the  second  image  is  complementarj' 
to  the  previous  one. 

One  of  the  most  beautiful  phenomena  is  that  of  causing  s 
ray  of  polarized  light  to  traverse  a  thin  plato  of  mica  or  sulphate 
of  lime,  and  then  analyse  with  a.  plate  of  tourmaline  in  that 
particular  position  iu  which  without  the  plate  it  would  wholly 
disappear:  the  ray  will  appear  coloured  with  the  tints  of  the 
spectrum  in  vivid  intensity,  and  these  may  be  varied  by  giving 
difforont  degrees  of  inclination  to  the  plate.  One  of  the  moet 
perfect  specimens  of  this  phenomenon  that  we  have  seen  was 
a  copy  of  a  gorgeously  plumed  bird  of  the  parrot  tribe,  made 
by  Mr,  Holmes.  On  looking  at  tlio  plate  there  appeared  only 
a  kind  of  outline  stuck  upon  it ;  but  on  placing  it  so  as  to 
receive  the  polarized  ray,  the  brilliant  rod,  purple,  and  yellow 
tintastartforthasintenBe  as  iunature,  with  every  feather  as  a|K 
propriately  tinted.  This  was  effected  by  carefully  cutting  away 
parts,  so  that  different  thicknesses  of  mica  should  be  presented 
to  the  polarized  ray.  Instruments  employed  I'or  the  measure- 
ment of  the  angle  of  polarization  are  caWei  polariteopfs. 

The  most  convenient  mode  of  repeating  the  espcriments  of 
Mains,  is  by  means  of  the  apparatus  represented  in  £g.  2S9. 
This  consists  of  two  uprights  of  wood,  supporting  a  frame  it  m, 
constmcted  like  a  common  looking-glass  frame.  A  circular 
piato  of  wood,  g  h,  rests  on  the  pillars,  and  has  a  circular 
aperture  in  the  middle  about  three  inches  in  diameter;  a  ring 
of  wood  tf,  moveable  round  a  circular  projection  on  p  h, 
Bupporla  two  pillars  a  b,  between  which  rests,  by  means  of 
BcreWB,  a  frame  c  t^,  like  it  m,  but  somewhat  smaller.  A  slip 
of  paper  graduated  ioto  360",  is  fixed  on  that  portion  ol  gh 
which  projects  beyond  ef,  a  black  hne  being  marked  on  the 
latter,  to  serve  as  an  index,  and  bo  point  to  zero  on  the  gradu- 
ated paper,  when  the  pillars  a  bare  exactly  over  the  apertnra 
in  the  centre  otgh,  to  servo  as  a  stage  on  which  objects  to  be 
submitted  to  the  action  of  polarizod  l^ht  may  be  placed. 
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TfinisL.  Tni^  Tririi:  ':»f  iiiae**L  anricipaied.  for  the  rax  reflepwd 
frt»iii  7  is  itiiiarizi'i  ii.  the  piane  of  refiexion  :  but  this  plane  is 
now  perjiendit^Tilar  to  the  plane  of  incidence  cm  the  upper  plate 


tt,  and  Bfl  there  la  therefore  no  motion  remaming  to  be  rcBolved'4 
in  that  plane  of  incidence,  no  raya  are  reflected,  but  the  ' 
polarized  ray  passeB  through  the  glMs,  and  is  absorbed  by  the 
black  paint  at  its  back ;  so  that,  in  looking  at  a  b  in  this  posi- 
tion, Bcarcoly  a  vestige  of  light  is  to  be  seen  reflected  from  it. 
On  moving  a  b  round  through  another  angle  of  90°,  tho  light 
and  figure  of  the  candle  wiU  reappear  in  d,  aa  the  planes  of 
polarization  and  reflexion  coincide,  being  both  identical  with  a 
plane  passing  through  d  I.  At  the  intermediate  arcs  of  rota- 
tion, the  light  in  d  will  decrease  or  increase  in  intenmty, 
according  aa  it  approaches  to  or  recedes  from  the  position 

i  very  instructive  mode  ol  analyamg  the  polarized  ray  after 
it  has  passed  »  film  of  selenite    is  to  transmit  it  through  a 
rhombohedron  uf  calcite     the  transmitted  ray  will  be  divided  J 
into  two  coloured  image  which  will  be  both  visiblo  at  thsfl 
same  time      Thi  red  ind  grten  images  are  roinplomentary  tal 
each  other,  and  if  super  ^ 

posed,    would    constitut  '       I  ">| 

white  hgfat    this  may  'ii  || 

proved    by    holdmg    tin  il 

calcito  at  a  proper  ih 
stance,  when  the  tv. 
images  will  partly  ovi  i 
lap  each  other  produriu, 

■whitehght  as  in  tig  29(»       ^  i  'llllll'i 

On  this  account  no  uilours        ^^\  \    ^«ailfl|(    I  P^|P 
were  seen  when  the  sele-  — -- — -'^"'-MII-luJ-^ 

nite  was  viewed  without  ^'6  ^^ 

the  analysing  plate  (fag    2S9)  or  ealcito  as  Sort  rays  th( 
reached  the  eye  together  aud  produced  a  white  image 

In  the  above  experiments  with  eetemte  or  mica  the  rays 
inadent  polarized  light  were  nearly  parallel ,    if,  however, 
they  are  convergent,  and  enter  a.  crystjil  so  as  to  traverse  itsi 
optic  axis,  u  new  and  splendid  series  of  phenomena  become«1 
visible. 

Let  common  light  be  incident  on  a  plate  or  a  series  of  plates 
of  glass  a  b  (fig.  2dl),  placed  on  a  black  surface  at  the  polari- 
ring  angle,  so  that  a  bright  beam  of  polarized  h'ght  may  be 
reflected  to  the  eye  at  e,  which  thus  is  placed  at  the  apex  of  a 
cone  of  rays.  If  a  thin  plate  of  a  double  refracting  crystal,  i 
oalcitOj  cut  at  right  angle  to  its  axis,  bo  placed  at  d,  it  Is  obvioi 
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that  Uie  im ji  d  poUriyd  li^  wOL 
degreei  oC  oUiqoitj,  tad  thw  viimSj 


ihidaiessai  of  the  seetioii.  The  central  nys  wfcidt 
through  the  optic  axis  do  not  su^er  donble  refraction,  flii 
tiieref  ore  will  appear  to  the  eye  at  c  the  same  as  if  bo  czribl 
had  been  present;  bat  the  other  rax?,  whidh  pov  a  fitdB 
obliquely  throng  the  crystal,  will  undergo  doable  re&acdsB, 
each  being  resolved  into  an  ordinary  and  extraordizuzv  ny,  af 
is  the  case  with  ordinary  light. 

These  rays,  however,  reaching  the  eye  together,  will  Bat 
prodoce  any  colour,  and  cannot  be  distTTigroshed  frotai  coasmoD. 
light.  To  render  the  phenomena  of  coloured  polarizaticHi 
obnoas,  an  analvsinz  eye-piece  must  be  placed  between  the 
plate  of  doubly  r»jfr£cting  crystal  and  the  eye.  Let  this  he  a 
plate  of  tourmaline  or  agate,  so  placed  as  not  to  transmit  the 
polarized  light  redected  from  ah,  if  the  crystal  d  were  absent 
It  will  be  f  jund  that  tae  lizht  redected  £n3m  a  b  has  under- 
gone some  physical  change  whilst  traversing  <f .  as  some  of  it 
has  acquired  the  power  of  passing  through  the  anahrsin^  plate 
of  tourmaline,  and  a  beautiful  symmetrical  image,  painted 
with  the  most  gorgeous  colours,  becomes  visible ;  this  image 
is  composed  of  a  series  of  concentric  coloured  corves,  a^ 
traversed  by  a  black  cross  (fig.  293 >.  Let  the  toozmaline  he 
then  turned  round  9«)-,  and  an  image  complementary  to  the  fiist 
will  be  visible,  iu  black  cross  being  replaced  by  a  white  one. 

^  Theoriginof  these  beautiful  colourednngs,**say5l[r.  Brooke, 
^  may  be  thus  explained :  the  rays  which  do  not  pass  thioogh 
the  optic  <t^«  are  divided  into  two  pencils,  an  ordinary  and 
extraordinary,  polarized  in  difierent  planes,  and  hence  <me 
is  ahaofbed  and  the  other  transmitted  br  a  toonnaHne 
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jdete,  Boeording  as  it  is  held  so  as  to  traTismit  or  alisorb  thg 
on^nolly  polarized  raj ;  but  this,  although  snfiiuieiit  to  ejcplam 
the  production  of  two  images,  is  not  sufficient  to  explain  the 
phenomena  of  coloured  riugs.  It  must  be  recollected  that  the 
rays  pass  through  the  plate  of  the  crystal  d  with  Toriona 
degrees  of  ohliquitj,  and  hence  aorao  suffer  more  in  the  rapidity 
of  their  motion  than  others,  or,  in  other  words,  undergo  a 
different  amount  of  retardation ;  the  rays  are  thus  placed  in  the 
very  condition  required  for  the  phenomena  of  interference,  and 
the  consequent  production  of  coloured  fringes,  as  in  the  case 
of  common  light.  Tho  ordinary  rays  being  polarized  in  tha 
Bamc  plane,  mutually  interfere  to  produce  one  of  the  coloured 
images,  and  the  extraordinary  interfere  to  produce  the  other ; 
iho  two  images  being  complementary  to  each  other,  and,  if 
flqperpoaed,  produce  white  hght.  The  figure  of  the  rings 
results  from  the  rays  which  penetrate  the  crystal  at  equal 
diatanctts  from  the  optic  axis,  passing  through  similar  thick- 
ncsseB  of  the  plate,  and  consequently  nndeTgoing  the  same 
amount  of  retardation,  and  producing  fiimilar  tints  at  equal 
distances  from  the  centre.  The  singulur  appearance  of  the 
black  cross  is  owing  to  the  rays  which  trarcrse  the  crystal  in 
the  direction  of  the  plains  of  primitive  polorization  emerging 
unchanged,  and  in  these  two  directioas  the  dark  blue  or  black 
appearance  presented  by  the  reflector  a  b.  fig,  291,  when  viewed 
tkrangh  the  analyser  idono,  vill  be  visible  as  the  aims  of  a 
blaek  oxrsB." 

The  beautiful  figures  riablc  in  unannealcd  glass  are  ren- 
dered more  brilliant  by  allowing  the  polarized  ray  to  pass 
twice  through  the  picco  submitted,  to  experiment.  For  this 
purpose,  tho  very  simple  apparatus  for  polarizing  light  pro- 
posed by  Leconnt,  can  be  conveniently  employed ;  it  eonaiate 
of  a  smell  looking-glass  a  (fig.  292),  placed  on  the  table,  and 
a  frame  b  fastened  to  the  mirror  by  a  hinge  at  c.  containing 
about  ten  platea  of  common  plate  window-glass,  which  is  fixed 
in  an  indmod  poaition  to  the  mirror  by  means  of  a  support  d. 
The  piece  of  unanncaled  glass  is  placed  on  the  mirror,  and  it 
ia  viewed  IB  the  direction  tf,  when  the  figures  become  beauti- 
fully distinct,  tho  rings  being  much  more  numerous  than 
when  psaminod  in  tho  ordinary  manner.  Common  light  is 
incident  on  6  in  the  direction  ^y,  and  is  divided  into  two 
oppositely  polarised  rays,  on«  of  which  is  transmitted,  and  the 
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other  is  reflected  towards  the 
through  the  unanneBled  glass 
plate ;  from  the  mirror  it  is 
refioctod  black  again,  passing 
through  the  plate,  and  being 
portly  depolarized,  passes  in 
part  through  the  |  inclined  , 
glass  plates,  rendering  the 
figure  viuble  from  e. 

Jolly,  solutions  of  gam,  and 
albuminous  fluids,  allowed  to 
eraporatc  spontaaeooslj,  so  as 
to  leave  an  indurated  mass, 
also  exhibit  the  four  coloured 
sectors,  traTersed  by  a  black  cr 

Many  crystals  possess  two  optic  axes  ;  these  constitute  by  &i 
the  grciitcr  portion  of  natural  and  artificial  cryatalliKed  pn>- 
dncts.  When  the  inclination  of  the  ases  is  small,  bo& 
systems  of  rings  can  be  seen  at  once.  To  shi 
crystal  of  nitre,  and  by  means  of  a  fine  sai 
plate  at  right  angles  to  the  axis  of  the  prism. 
of  rendering  this 
sufficiently  thin,  in 
to  rub  it  on  a  fine 
file  moistened  with 
water.  A  plate  one- 
sixth  of  an  inch  in 
thickness  can  thus 
be  procured,  and 
should  be  preserved 
between  two  thin  plates  of  gli 
Canaila  balsam.  The  two  systems 
of  rings  are  beautifully  distinct, 
and  splendidly  coloured  (fig, 
293).  When  the  line  connecting 
the  two  axes  of  a  crystal  is  in- 
(Jined45°tothoplaseof  primitive 
polarization,  the  cross  seen  as  first 
described  on  revolving  the  nitre 
opens  and  gradually  assumes  the 
form  of  two  hyperbolic  curves  (fig.  294). 


V  these,  take  a 

V  cut  off  a  thidt 

The  best  mode 


line  be  rovolred,  the  black  crossed  lines  will  bo  replaced  by 
white  spaces,  and  the  red  rings  by  green  ones,  the  yellow  by 
indigo,  and  bo  on. 

It  is  the  intemol  cryBtalline  structure  of  a  transparent 
medium  produces  the  appearaneea  seen  on  pasBing  through  it 
a  polarized  ray.  Glass,  when  heated  and  suddenly  cooled,  from 
the  outside  being  first  hardened,  and  the  inside  struggling  as 
it  were  vainly  to  mould  the  outside  to  its  shape  on  losing  the 
©spansiou  given  it  by  heat,  presents  a  curious  appearance ;  this 
again  is  varied  with  the  form. 

A  slip  of  glass,  previously  without  action 
on  polarized  light,  developes  e 
tints,  by  bending  it  or  submitting  it  to  j 
pressure.     Fig.  295  represents  a  square  | 
piece  of  unannealed  glass;  when  a  polarized  I 
beam  is  transmittad  through  it,  there  a. 
seen  at  its  four  angles  small  circular  figures  ] 
separated  by  a  large  black  cross.     When  1 
the  glass  is  rectangular  the  circular  figures 
appear  at  the  comers,  and  parallel  to  the 
greater  sides,  instead  of  the  cross,  there  appear  coloured  bands. 

When  the  shape  is  round  (fig.  296)  there  are  coloured  rings 
and  a  large  cross  intersecting  them  ;  and 
as  the  shape  is  altered  from  square  to 
round,  or  from  round  to  square,  so  d 
the  appearances  change.  When  the  glas 
is  perfectly  annealed,  that  is,  cooled  very  I 
slowly,  these   appearances  are  totaUy  1 
lost.  ' 

Circular  polarination  has  diseovorod 
that  the  rays  of  each  colour  are  polarized 
in  diflbrent  planes,  and   detected  dif-  ^'S-  296. 

ferences  in  the  composition  of  substances  thot  the  utmost  art 
of  the  analytical  chemist  could  not  discover ;  for  by  this  light, 
it  is  not  the  mere  structure  but  the  nature  of  the  particles 
that  is  elucidated. 

One  of  the  most  interesting  contributions  to  science,  for 
which  wo  are  indebted  to  Dr.  Faraday,  is  tho  discovery  of  the 
txcit«nient  of  a  molecular  change  in  certain  substances,  as  glass, 
ii'ator,  alcohol,  oil,  whea  under  the  influence  of  the  magnetic 
force,  sufficient  to  cause  the  rotation  of  a  polarized  ray.     To 


)  appear  coloured  banos. 
there  are  coloured  rings 
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•how  this  with  the  magnet,  m  pieee  of 


Fig.2B7. 

or  imich  better,  a  slip  of  heavy  ^an,  the  fosed  bovate  of  lead, 
2  inches  square  and  0*5  inch  thick,  ia  placed  between  the 
poles  n«  of  a  powerfol  electro-magnet,  so  that  the  lines  of 
force  may  pass  throngh  the  length  of  the  glass.  A  raj  cf 
lij^t,  bd,\a  polarized  in  a  vertical  plane  bj  leflexioii  £ram  a 
piece  of  blackened  glass  d,  and  passing  throngh  the  glass  a,  is 
examined  at  d  through  a  Nicol's  prism.  So  long  as  the  bars 
n  and  8  are  not  magnetic,  the  ray  is  transmitted  or  extingnished 
as  nsnal  during  the  revolution  of  the  prism.  Let  this  be  then 
turned  so  that  the  ray  is  darkened,  then  on  connecting  the 
wires  c  z  with  the  battery,  the  bar  instantly  becomes  magnetic, 
and  the  ray  becomes  visible.  It  will  be  necessary  to  revolve 
the  prism  to  the  right  to  extinguish  the  ray  which  has,  under 
the  influence  of  the  developed  magnetism,  been  made  to  revolve. 
If  the  north  pole  be  next  the  observer,  the  ray  will  revolve  to 
the  right ;  but  if  this  position  be  reversed,  it  will  revolve  to  the 
left. 

The  polarizing  apparatus  shown  in  fig.  298  is  both  simple 
and  useful  for  the  examination  of  fluids,  consisting  of  a  bundle 
of  plates  of  window-glass  c,  as  a  polarizing  mirror,  fixed  to  an 
arm,  admitting  of  ready  motion,  and  supported  by  a  screw 
from  a  common  retort-stand ;  immediately  before  this  a  narrow 
strip  of  sUvered  glass  must  be  placed  to  receive  the  rays  of 
light,  from  whence  they  are  sent  to  the  polarizing  bundle  of 
glass;  above  this  is  a  tube  of  brass  5,  an  inch  in  diameter. 
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a  plate  of  J 


and  eight  inchpa  long,  dosed  at  its  lower  end  v 

glass,  and  holding  the  fluid  to  be 

exiLmined,     The  tmnsmitted  ray 

13  uaolysed  hj  an  eye-piece  a, 

consisting    of    a    single-image 

priam,  or  bundle  of  thin  glass 

plates,  capable  of  being  placed  at 

any  azimuth. 

The  action  of  oil  of  turpontino 
is  much  leas  intense  than  that 
of  quartz,  in  the  proportion  of  1 
to  68'5 ;  hence  the  necessity  of 
using  a  tube  full  of  the  oil,  so  as 
to  form  a  fluid  column  about  six 
or  eight  inches  high.  For  so 
purposes  it  is  desirable  to  us 
tube  of  glass,  in  place  of  the 
brass  tube  b;  and  where  the 
rotating  power  of  the  fluid  is  y 
very  feeble,  a  much  greater 
length  of  tube  than  eight  inches 
is  nocesaaiy.  Different  substances,  and  sometimes  different 
specimens  of  the  same  substance,  rotate  the  plane  of  polariza- 
tion in  contrary  directions.  When  the  rotation  takes  place  in 
the  direction  of  the  motion  of  the  hands  of  a  watch,  the  medium 
is  said  to  hsTo  right-handed  polarization. 

Some  organic  products  turn  the  plane  of  polarization  from 
left  to  right  j  this  is  seen  by  using  homogeneous  light,  which 
for  practical  purposes  may  be  effected  with  sufficient  acenracy, 
by  observing  the  rotation  through  a  piece  of  glass  coloured  red 
by  protoxide  of  copper,  and  which  transmits  scarcely  any 
except  the  extreme  red  raj-s.  By  operating  in  this  manner, 
5L  Biot  has  soeceeded  in  detecting  the  property  of  circular 
polarization  in  a  large  number  of  fluids;  and  he  has  even 
applied  this  property  to  organic  chemistry,  as  a  mode  of  di- 
atinguisliing  between  closely  allied  oipinic  products,  as  the 
diffurent  varieties  of  gums  and  sugars.  In  the  foUowiog  Table 
are  the  results  of  Biot's  experiments;  the  position  of  the  points 
of  the  daggers  in  the  third  column  indicates  the  direction  of 
Uie  rotation  of  the  planes  of  polarization  observed  through  red 
Rlase. 
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-  -...--':  :..-■' V'^r.  .7  rr'>  ^mall  plane  mirrors  sf. 
.  .  -:  t*.  .Or  ..."'.yTr  ^i.-i^:*:  :.  :he  tixis.  It  thence  passes 
.  ,-:.  *  -rr.^a..  ^,v-r^.iir':  ■;;.  :h»r  axis  of  the  hrass  tube  tt,  in 

L  ^;.  ,;•  '  f.r:]',«r<:r|  ;i  fjiutuihti  toMt-tube,  from  6  to  12  inches  in 

Unirth   'i**'-''  '^''*'  ^'^•''  '"1'*'^^  rimkr  oxamination. 

Tj„/;inHl.y«Jrif?  i'»rt.  A  conNiMtH  of  a  graduated  rim  w,  for 
wiirinf;  tlu:  rdtiilimi  of  thtj  index  v,  attached  to  the  tube 
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RtMning  a  rhomb  of  Iceland  spar  i 
se-fourths  thick,  in  its  natural 
^  Atat«;  having  a  small  hole  at  the 
■ —  tottom  of  the  tuho,  through  which 

&e  light  is  admitted.     Intheuppur 

part  another  tube  slides  cartTiug  a 

lena  l,  which  maguifiee  the  sepaca- 

iDOn  of  the  images,  and  gives  two 
I       BuMciently  large  well'dolmed  cir- 

gnlar    images    in   which    all   the 

OhangeB  of  tint  can  be  accurately 

ohaerved. 

The  wood  supports  are  omittod 

in  the  figure ;  means  should  also  be 

pTovidod  for  measuring,  as  accu- 
I  lately  as  possible,  the  length  of 
•  Uquid  travereed  by  the  ray  in  thti 
m    tabe. 

K  Mr,  Woodward  gave  popular 
t  lectures  on  the  polarization  of  light. 
I*  whioh  were  afterwards  published, 
r  with  instructions  for  using  hie 
h  polariscope  and  microscope  combined. 
»         Mr.  Woodward  mode  use  of  an  instnimeut  so  arranged  that 

it  is  easily  illuminated  by  a  candle  or  argond  lamp  placed  on 
p  the  table,  as  in  the  case  of  an  ordinary  mieroacope  ;  or  with 
»  the  addition  of  suitable  condensers,  it  is  attached  to  the 
>  lantern  of  the  hydro-oxygen  apparatus,  and  exhibited  either 
»  as  a  gas  polariscope  or  microscope  in  the  lecture-room. 
I         Fig.  300  is  a  brass  cap  fitting  on  at  a,  and  enclosing  a  piece 


Fig.  2tK!. 


Fig.  30().  Fig,  3*)i. 

of  jj;round  glass,  to  disperse  the  Light  of  tlie  candle  or  btiiip  J 
used  OS  nn  illuminator. 
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loiw;  5.7  7  wid^.  wiu  .-:T,c:a;i:  tLt  wbil.;.  and        ^-  **■ 
iR»y  t,^  wttTeoientlv  £tTed  a.^  a  ?tage  10  raiae  the  polariecopf 


a  conveuieat  height  for  illuminatang  and  viewing  objects  oi 
e  table.     Fig.  30(5  represents  the  apparatus  properly  C' 


Tile  instrument  arranged  with  the  lowest  power  affords  an 
extensive  field  of  view,  and  is  thus  well  adapted  for  exhibiting 
the  various  effects  produced  by  the  different  forms  and  thick- 
nesses of  solenite  and  unannealed  glass,  and  for  illustrating 
the  interesting  phenomena  of  polarized  light  gonorally.  It  is 
also  calculated  for  viewing  such  crystals  of  salts  as  have  been 
allowed  spontaneously  to  crystallize  on  glass ;  but  tie  arrange- 
ment must  be  altflrcd  for  observiag  the  phenomena  connected 
with  the  crystals  of  calc-spnr,  nitre,  quartz,  &c.  In  the  first 
case,  the  lens  or  power  is  used  to  bring  the  image  of  the  object 
to  a  focus ;  in  the  other,  it  is  merely  required  to  cause  a  great 
dirergence  of  the  rays  passing  through  the  cryataJs;  hence 
the  slide  containing  them  must  either  be  placed  immediately 
between  the  eyo-piece  and  analyser  by  means  of  a  small  stage 
attached  to  the  tube  a  a  of  the  power,  or  the  stage  and  power 
must  be  removed,  and  there  must  be  inserted  instead,  a  double- 
convex  leas  of  two  inches  focns,  with  a  stage  and  analyser  so 
arranged  that  the  crystals  may  be  placed  just  within  the  focus 
of  the  Ions,  and  immediately  under  the  analyser.  la  either 
cose,  a  much  larger  field  of  view,  and  consequently  a  more 
beautiful  display  of  coloured  rays,  will  bo  developed  than  ia 


2*.  a.-:r*icasv:  sicrcwcope.     A  siiigje  piste  of 

a(.!^-r 'r*4   ^- -..9»  ^i^r    «    oasionallv  laid  on  the  bondle  tf 

-»,t-*    »     •  :-..r»»!:i:.c   t  x  p:ive  of  chamoia leather ts 

•.  •■:••.       .  -  ^-^  -ujsc'.-u^  '^.ih  Lidvantage  asapduinr 

<»9«.:«   ^   -  ^  ^.-T'A-c    x^omauon  is  more  important  tfam 

;\    — t-  .    -    Z"    :£a-'  MT  mii  :he  polarizing:  plates,  and 

vi  >^  u-  ::i     r    :-.     m\T  -.    vlv    t  <top.  with  an  aperture  of 

f.       -_•-:  •.  -     .:•*     :r    nt    iiiir  A  silvered  redeetoTy  or  in 

-^i    •-.,->         ..Ai-nc"<2a*,  Th*?  >.»iarisoope  is  imme&teiy 

-  •— .  "!..  ."•.■«o.pr  .1  .'.»w  TH.iwer.  which  win  indni 

>■-,--     u  ■BLrrs- .  f  .1  '.JT*^.'  v'bj etrt.  such  as  a  batteiflj 

'^  •.<'*-  \:Tk-:v.^\i.  zk  .  r*-a:  h :  ng  apparatns  of  a  dytiacra^ 

-:.•*>.  ^. -.       jT^^v:^:  .^:i:.  jcc. ;  and  thus  exhibit  at  one 

-. «      -.      -     ..  -.    f  •ivr-.r.ns  mvi  connexions. 

^ .  ^ . -  >  .       -X  .*  . xi'j . :»  ±e  rjits  of  polarized  light  nuae 

v.»..  .         -•,    .r»>i3-l:re  'esses  of  animals,  espedalh 

^•.>  \r^.=t  :r^>e.  they  should,  to  prevent  their 

.— s    .^  ■-  's--^  :v  .*  :lvus.  be  immersed  in  a  fiam 

-  .>8^ .         '.      5;  ^-  ■  -.t  r*. --^ .  :r  svce  riuid  possessing  nearly  the 

N.-  -r,.    •^.■^^     -    \  '•-.■-  ->  .lit  .-.cs.     The  orvstalline  lens  of  the 

.  >    •«•  'r    ^?*u:i:'.l1  A^oured  sectors,  separated 

■  r-.  ._-.■.-.>  .':  ::j  iKuari^ation.  and  traversed 


'  v^  ■ '.     ^  -..  v:v.-^    :■.:■/.'.>.  .ir.d  orher  indurated  animal 

.  -v  -..•».    \  . -,    r.jr^ '::c -:::s.  when  submitted  to  the 

.».   -  -    .   X.  ..  -  ,1.    .^••..   1:  i  -^r^-  '.vauriiui  manner. 

H^-»        -  •:^-  i    -j^^.^  *v:'.v  be  jbtuined  by  examining 
v».v  -.  -X    .     H^^      ^»,  v.r*;.  -rt*.  .T  n: in ute  crystals,  in  a  polar- 

- '5v  -  .'•^«  >.  v..  :•>..  >  -^v: Hired  tor  this  purpose  is  to 
•..•V*  .-..-. .  V,  x,^.^  :  ii:  i^hr'.^niadc  microscope  a  Nieol's 
• .  xif    %  *.>.-»    ■ .  •.-  i:  r-  .T^i  ::t .  * r  i  bundle  of  tiiass  plates,  when 

*  -.-x  .-;  •. -».  .-.  .-'.-.x-  -r.esi-.s  :he  liiAt  transmitted  through 
..?^*  .-.V^x  "i*.  "■^"  >iUii?  ^ill  V  rtvtiliaearly  polarized.  The 
.  V.  j^>*:  >.v,:"^:  "v  .i  v*.Tt  N'avI's  prism,  nxed  over  the  dia- 
•  *  -^^i^Tt:    ::  .'v  \\:n  ,■:'  '>.c  :t!'Art!ivre  :  or  a*  this  must  slightlr 

r:x:*x,-v  n-;.?  .;^»-  *v  b:vir:rt:>:«  or  :be  instrument,  the  same,  or 
I  .:s:tt  -in.v  .'i  bivwtt  :oi:rr!:iil:re.  i2*ay  be  placed  over  theeye- 
v";w>N.  iM  v.»:>  tt!a:'.:tiT  :he  arol^viilar  arrangement  of  qmlls. 
Jtoi^*'^  !t^v*x.  uviit.  ar.d   cth^-r  animal  structures,  is   most 

N^HUUftlivJ-  d**r^\oJ*\\;. 


A  magnifloent  claaa  of  objects  foi-  tho  polarizing  microai 
IB  foimd  in  crystalB  of  different  doubly  refracting  bodiea  di 
elted  on  glass  plates,  by  allowing  their  dilut*  watery  solutions 
to  evaporate  epontaneously.  To  preserve  them  they  ehonld  be 
covered  with  a  second  plate  of  glass,  some  Canada  balsam 
being  allowed  to  run  between  them.  Chlorate  of  potass,  nitre, 
Bolicine,  acetate  of  lead,  sulphate  of  copper,  and  ferrocyanide 
ttf  potassium,  aro  objects  of  really  goi^^ua  beauty  when  thus 
sxatoiaed.  Other  bodies,  as  colcite,  exhibit  the  coloured  ringt 
tetyersed  by  a  black  cross,  and  aro  peculiarly  beautifiil. 

The  hght  of  the  sun  reflected  by  the  atmosphere  is  more  or 
leas  polanzed,  depending  upon  the  angular  distance  from  the 
snn.  If  we  look  at  the  sky  through  a  Nicol's  prism,  we  shall 
find,  on  rotating  the  prism,  that  light  from  some  parts  of  the 
sky  is  polarized  to  a  very  appreciable  extent.  Ajago  showed 
that  some  of  the  double  stars  were  double  suns,  and  other 
pUnete  reflected  light  by  polarizing  the  light  from  those  bodies. 

The  tvaltr-teUseope  conaiste  of  an  ordinary  marine  telescope, 
with  a  Nicol's  prism  inserted  in  the  eye-piece.  The  light 
refleetedfromthesurfaceof  the  water  is  the  principal  obstruc- 
tion to  viewing  objects  beneath  its  surface.  Nicol's  prism,  in 
a  certain  position,  entirely  cuts  off  the  polarized  portion  of  the 
reflected  light,  and  allows  objects  far  below  the  surface  to  be 
seen  with  the  telescope,  Indeed  the  practical  applications  of 
polarized  light  are  as  numerous  as  the  phenomena  presented 
by  it  are  deeply  interesting ;  it  aids  in  the  analysis  of  animal, 
vegetable,  and  mineral  structures,  leading  to  a  knowledge  of 
which  oven  tho  prediction  is  most  startling.  "  If  you  can 
torture  and  twist  a  ray  of  light  and  prove  it  to  have  sides,  the 
discovery  may  be  a  cnrious  fact,  but  of  what  good  is  it  to 
sodetj?"  Perhaps  at  first  the  discoverer  might  have  been 
nonplused  to  find  an  answer;  but  we  now  know  that,  by 
looking  through  a  piece  of  sclcnite  at  the  northern  sky,  the 
eolar  time  may  be  correctly  ascertiuned.  Place  in  tho  bandit 
of  a  seaman  a  polarizing  prism,  and  there  need  no  longer  be 
the  purgatory  of  the  mast-head,  as  from  the  deck  the  shoals 
and  rocks  at  the  bottom  of  the  ocean  may  be  seen.  He  whose 
livelihood  depends  on  entrapping  the  denizens  of  the  sea,  may 
detect  their  whereabouts  by  observing  the  difference  in  the 
condition  of  the  reflecting  siirfacoe  of  the  water.  A  glass  ma] ' 
be  known  fitting  to  bold  hot  water,  or  that  would  break  Qnd| 


I 


1 440  KLBOTSionr. 

Midi  oonditjons,  b^  means  of  polarized  light,  as  tho  anneakd 
und  unaimcaled  present  difCorent  aspects  when  so  Tiewed. 
The  LLnaniiealed  pieoe  of  glass  ebown  in  a  fonucr  page  voold 
(-•asily  break  at  every  point  where  a  sot  of  the  coloured  lings  bib 
seen.  The  farniOF  may  ascertain  at  what  period  his  crop  is 
richest  in  sacchsrine  mattiir;  tho  brewer  and  distiller  Imsv 
when  their  preparations  ore  of  the  greatest  excellence,  and 
thus  oconomize  their  time  and  labour,  while  they  benefit  by 
the  superiority  of  their  produce.  By  it,  too,  wo  know,  from 
the  colours  exhibited  in  transparent  or  mineral  Bubstonoes, 
whether  the  sun's  light  oomeB  from  a  solid  mass  or  goeeotu 
envelope,  and  whether  the  -comets  shine  by  their  own  or  a 
liorrowed  light.  Still,  almost  more  wonderful  are  its  powoa 
of  revelation  in  that  department  of  science  t«rmed  palsoil- 
tology,  as  we  can  at  once  decide  by  a  crystal  or  particle  of  bone, 
what  the  microscope  alono  cannot  so  accurately  distingnish, 
whether  the  substance  belonged  to  the  fowl,  flesh,  or  fi^ 
tribe ;  whether  to  a  biped  or  quadruped,  hoofed  or  clawed ;  to 
the  mineral  or  vegetable  kingdoms.  What  the  ultimate  resnlCs 
of  this  splendid  discovery  ia  science  may  he,  it  is  impossible 
oven  to  conjecture. 

CHAPTER  X. 

ELECTRICITT. 
Common  or  Frlftlonal  EUctrlcitij. 
Five  hundred  and  fifty  years  before  the  birth  of  Christ,  Thales, 
one  of  the  seven  wise  men  of  Greece,  founder  of  the  lonio  sect, 
which  distingmBhed  itself  for  its  deep  and  abstruse  plulo80> 
phical  speculations,  discovered  that  amber,  on  being  excited  b^ 
friction,  poesesses  the  remarkable  principle  of  attracting  certain 
light  bodies  towards  it,  which  he  imagined  to  be  a  kind  of' 
animation  peculiar  to  the  substance. 

The  ancients  were  vaguely  conversant  with  the  influence 
which  boat  exerciaed  on  tho  production  of  electrical  phenomena. 
Pliny — that  repertory  of  the  knowledge  and  ignorance  of  his- 
time — mentions  tho  hard  violet,  or  deep  red  stone,  whioh, 
when  heated  in  the  sun,  or  rubbed,  attracts  small  light  bodlas,. 
At  the  end  of  the  seventeenth  century,  some  Dutch  merchiuita 
brought  from  Ceylon  a  pecuLar  stone,  which  was  called  fOMT' 


namal,  or  ash-atli-oftor,  beoause,  vhen  placed  upon  heated 
aehcB,  it  attracted  them  and  then  immediately  repelled  them, 
although  with  cold  ashes  no  suoh  effects  were  visible.  ITiis 
Btoae  wo  now  know  &s  the  mineral  tourmaline.  In  1757 
spinas,  having  two  pohshed  tounnalinea  to  set  in  a  ring, 
instituted  a  Berios  of  e3q>eriment8,  and  thereby  established  the 
first  laws  of  the  development  of  electricity  by  heat.  He 
provodthe  presence  of  free  electricity  in  the  heated  tomTnnline, 
by  the  attraction  and  repulsion  it  successively  exercised  upon 
light  bodies.  He  even  drew  a  spark  from  it,  which  was  visible 
ia  the  dark.  But  the  moat  important  observation  he  made 
was  of  the  simultaneous  presence  of  two  electricities  in  the 
same  tourmaline,  one  being  confined  in  one  part,  the  other  in 
another,  these  two  oonatituting  the  electric  poles.  He  further 
conceived  that  those  electric  poles,  in  the  unequally  heated 
tourmaline,  are  contmrtj  to  what  they  are  in  the  equally 
heated  tourmaline.  Canton  cleared  up  the  contradictions  by 
proving  that  it  ts  not  the  absolute  temperature,  but  the  elianga 
of  temperature  which  renders  the  tourmaline  electric;  the 
electricity  of  each  pole  \-arie8  according  aa  the  change  is  a 
heating  or  a  cooling.  Bcrgmanii  completed  this  view  by 
showing  that  when  the  tourmaline  is  placed  in  a  medium  of 
its  own  temperature,  whatever  that  may  be,  it  is  never  elec- 
trical ;  transported  into  a  colder  medium,  it  immediately  ac- 
quires the  two  electric  poles,  which  state  ceases  as  sooa  as  the 
tourmaline,  having  abandoned  its  superior  heat,  is  of  the  same 
temperature  as  the  medium.  This  important  law  is  not  only 
true  for  the  crptal  as  a  whole,  but  equally  so  for  each  of  its 
molecules  separately,  so  that  if  the  two  poles  are  arranged  so 
that  one  is  heated  whUe  the  other  is  cooled,  they  have  the 
same  electricity  at  the  same  time. 

It  is  remarkable,  that  althoagh  the  discovery  of  the  exist- 
ence of  electricity  is  of  very  remote  date,  yet  that  hardly  any 
attempts  were  made  to  inquire  into  its  principles,  and  raise  it 
to  the  dignity  of  e  science,  until  themiddleof  the  last  century. 
From  that  period  it  has  formed  one  of  the  most  pleasing  sub- 
jects of  philosophical  investigation,  and  its  progress,  conse- 
quently, has  been  most  rapid ;  it  has  laid  bare  many  truths  in 
Ute  secrets  of  nature,  and  now  enters  most  intimately  into  the 
social  affairs  of  nations.  j 

Boylo  ie  generally  behoved  to  have  been  one  of  the  finb^ 
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£^>iies  tr>  ft  srea^er  r^  Leas  -iearw.  izsi  Trrec  T=:i5s5cr^ed 
iw  no  Jtorar^i  effect ;  wir  wiai  izr  r«:«iy  or  jars  'jf  a 
l/Aj  \0bVjaes  yjKieabtd  ^  ni'Dre  or  Leae  tbiz.  i3  c&mnl  qiua- 
tstr.  It  u  sadd  Zij  \<^  tMhffjr^tA,  and  is  izsLTO^Le  of  exhibiriiig 
certadn  sppneanzj&ss.  This  vould  not  be  tL*^  •aeae  'ii-i  &II  lo&s 
PKKtre  snd  trKCAsit  it  with  c^txaI  £icilhy.  I:  is  a  disdn- 
grzuldLj^  yr^ftxj  fA  tSrJxaifilT  that,  uiiiiBr  cerain  carram- 
•UBces,  it  bc^  ii':zn^^  and  icpels.  and  cor-Tmrii'^tes  those 
qualities  to  dx^Ermt  Vjdies.  And,  if  tvo  b:)dic6  equally 
deetiified,  bat  in  opp^xite  states,  ccme  into  coEitaety  thcj 
iKQtnlixe  each  other. 

Frietifm  hjfpUed  to  liodies  poosesfiing  the  same  pecnliantkB 
aa  amber,  is  called  tUdtrieal  treitatirm ;  and  bodieB  that  are 
eafttble  of  being  ezfAUsd  m  as  to  produce  electrical  effects  are 
named  eUctrie$.  If  we  rub  a  piece  of  sealing-wax  or  glass  rod 
on  the  aleere  of  a  cloth  ooaty  or  with  a  piece  of  dij  flannel  or 
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Boft  wbite  Bilk,  the  ■was  or  glass  Trill  attract  towards  them, 
and  probahly  lift  up,  any  light  matter,  as  a  feather,  piece  oi 
tiflsue-paper,  gold-leaf,  etraw,  or  cork. 

A  piece  of  writing-paper  warmed,  thon  laid  on  a  table  and 
ruhbeid  with  India-rubber,  will  he  attracted  to  the  table,  and 
when  raised  from  it  will  cause  a  slight  crackling  noise,  When 
a  silk  stocking  is  worn  over  a  woollen  one,  on  taking  off  the 
silk  one  a  slight  snapping  sound  will  be  heard.  The  fur  of  a 
cat  rubbed  contrariwise  in  the  dark  w.ill  send  forth  sparks  if 
it  be  warm  and  dry.     These  are  all  electrical  phenomena. 

If  the  windows  of  a  flat  shallow  glass  case  ho  rubbed  with  a 
silk  duster,  the  hght  dust  inside  will  fly  up  against  the  glaaa 
and  back  again,  and  keep  dancing  in  this  manner  while  the 
nibbing  is  continued.  Here  we  have  in  the  firat  place  attrac-" 
tion,  and  in  the  second  repulsion,  which  causes  the  dust  to  ^ 
driven  back.  It  was  this  simple  occurrence  that  called 
Isaac  Newton's  attention  to  the  subject. 

TTie  two  EiectrU  Forces. 

If  two  amaU  balls  turned  out  of  elder  pith  and  hong 
a  silken  thread  bo  brought  within  a  short  distance  of  an  ex- 
cited glass  tube,  they  wiU  be  attracted  towards  it  and  remain 
against  it :  but  when  the  tube  is  gently  moved  away  from  the 
little  balls,  they  fly  ofi'  from  each  other  and  keep  apart  for 
some  time, — in  fact,  until  their  electricity  is  dissipated  in  the 
air.  When  still  under  the  influence  of  the  electneity,  if  the 
tube  be  brought  again  near  them,  instead  of  being  attracted  aa 
before,  they  are  farther  repelled.  Thus  it  appears  at  first  the 
tube  attracted  the  halls  and  imparted  a  portion  of  its  elec- 
tricity;  but  when  applied  a  second  time,,  they  had  sufficient 
of  that  kind  of  electricity,  and  moved  away  or  were  repelled. 

We  use  the  words  "  that  kind,"  because  if  a  roll  of  excited 
BBoling-wax,  sulphur,  or  shell-lac  be  presented  to  the  baUs, 
they  would  be  attracted ;  and  the  same  would  occur  if  tho  last 
electrics  had  been  used  first  and  the  first  last.  From  this  we 
learn  there  are  two  different  kinds  of  electricity,  possessed  of 
opposito  properties :  that  produced  by  excited  glass,  to  which 
the  name  of  vitreous  or  positive  electricity  has  been  pven ;  and 
that  produced  by  excited  sealing-wax,  to  which  the  name  of 
pMinous  or  n^jflfiwe  electricity  has  been  applied.  The  positive 
and  negative  states  of  electricity  attract  each  other,  and  when 
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they  meet  electrical  equilibrium  ensues.  By  £notioii  of  two 
substances  together,  as  fire  and  glass,  equilibriom  is  destroyed 
in  each ;  the  positive  electricity  accumulates  in  the  glass,  the 
negative  in  the  fire.  What  one  attracts  the  other  repels,  and 
vice  vertd. 

When  sufficiently  near  for  their  attractive  powers  to  come 
into  action,  the  opposite  electricities  throw  aside  any  non- 
oondncting  medium  that  may  intervene.  Thus  in  the  heavens, 
when  they  oome  within  what  is  termed  the  striking  distance, 
the  air  is  suddenly  rent,  thunder  is  heard,  lightning  produced, 
and  an  equilibrium  of  the  electrical  state  of  the  atmosphere 
ensues. 

The  mode  in  which  experimenters  ascertain  the  kind  of 
electricity  in  an  excited  body  is  this :  they  electrify  a  snbstanoe 
with  a  known  electricity,  vitreous  or  resinous,  or  what  is  the 
same  thing,  positive  or  negative,  and  then,  as  the  body  Ihej 
electrify  with  the  electricity  with  which  they  are  engaged 
attracts  or  repels  the  other  body  possessed  of  the  known  elec- 
tricity, it  can  be  decided  what  the  applied  electricity  is.  Sup- 
pose some  electricity  be  drawn  from  the  clouds  and  a  pith-ball 
be  charged  with  it,  and  another  pith-ball  be  vitreoiiBly  elec- 
trified, then  by  bringing  the  cloud-electrified  pith-ball  to  the 
other,  if  they  are  repelled  the  cloud-collected  electricity  will 
be  positive,  but  if  they  are  attracted  to  each  other,  then  the 
atmospheric  electricity  will  be  negative. 

No  explanation  can  be  given  of  the  cause  of  the  different 
species  of  electricity  arising  from  various  substances ;  all  that 
is  known  is  the  fact,  and  that  the  body  rubbed  and  the  body 
rubbing  become  possessed,  the  one  of  positive,  the  other  of 
negative  electricity. 

Conduction  of  Electricity, 

If,  when  a  pith-ball  is  electrified  either  with  excited  glass 
or  sealing-wax,  we  touch  it  with  a  rod  of  glass,  its  property  of 
being  subsequently  attracted  or  repelled  by  the  excited  glass 
or  wax  win  suffer  no  change ;  but  &  we  touch  it  with  a  rod  of 
metal,  it  will  lose  the  electricity  which  it  had  received,  and 
wiU  be  attracted  either  by  the  excited  glass  or  wax,  as  it  was 
when  they  were  first  applied  to  it.  Hence  the  rod  of  glass 
and  the  rod  of  metal  possess  different  properties,  the  former 
being  incapable,  and  the  latter  capable  of  carrying  off  the 
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electricity  of  the  pith-ball.     The  mDtal  is  therefore  said  to  be 
a  conductor,  and  the  glasB  a  vum-eorulueUrr  of  electricity. 

A  non-conductor  does  not  enffer  electricity  to  pass  from  one 
part  of  it  to  another.  For  instance,  a  piece  of  glasa  may  be 
excited  only  in  one  part,  without  the  other  being  at  all  under 
the  inflnence ;  and  if  the  whole  surface  of  a  tube  he  excited, 
it  can  be  felt  hy  eparka  in  various  parts  ;  and  if  an  imexcitcd 
piece  of  glass  be  placed  againat  an  excited  piece  of  glass,  the 
electricity  18  not  conducted  away.  The  case  ia  different  with 
oonductors;  for  if  a  rod  of  iron  be  auspended  by  a  silken 
thread  and  charged,  as  soon  as  it  comes  near  a  body,  that  body 
will  receive  its  overplus  of  elijctricity,  the  whole  passing  out  in 
a  single  spark  inatantaneously.  The  same  is  the  case  with  the 
human  body.  To  receive  a  charge  of  electricity  the  conductor 
or  the  person  has  to  be  what  is  termed  in&ulated;  that  is,  by 
means  of  non-conductors  cut  off  from  all  electrical  communi- 
cation with  any  substance,  that  would  conduct  the  electricity 
rapidly  to  the  e.irth.  For  this  parpose  a  stool  with  glass  legs 
is  foimd  the  most  convenient  contrivance  for  the  human  body. 
Thns  non-conductoiB  are  also  called  insalt/U^n. 

Conducting  bodies  are  not  readily  excited  by  fiiction.  The 
beet  electrical  liodies,  or  non-conductors,  are  gutta  peroha, 
shell-lac,  sulphur,  amber,  resinous  substances,  jet,  glass,  and 
vitreous  substances,  precious  stones  (the  most  transparent 
the  best),  minerals,  silk,  dry  external  substances,  as  wool, 
hair,  feathers ;  paper,  parchment,  leather,  porcelain,  loaf- 
sngar,  dry  gases,  the  air,  marble,  oib  and  dry  metallic  oxides, 
(jialk,  lime,  phosphorus,  steam  of  great  elasticity,  ice  below  — 
(PFahr. 

The  principal  electrical  conductors,  or  non-electrics. 
silver,  copper,  lead,  gold,  brass,  zinc,  tin,  platinum,  iron.  ; 
other  metallic  substnncos;  well-burned  charcoal,  plnmbt_ 
concentrated  and  diluted  adds,  saline  soiutiona,  metallic  ores, 
the  fluids  of  an  animal  body,  water,  eapecially  salt  water,  and 
other  finids,  except  oils:  ice  above  13°  Fahr.,  snow,  living 
vegetable  and  animal  matter,  earthy  substances,  flame,  sn  ' 
steam  of  low  pressure,  hot  fluid  rysin,  and  hot  glass. 

Thus  it  is  seen  that  the  substances  in  nature  from  « 
electricity  can  be  readily  excited   are  non-conductors,  t 
other  bodies  that  are  rajiid  conductore  of  electric  action  i 
non-electric.     There  are,  hovrever,  no  bodies  that  entdi 
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prerent  or  perfectlj  oonduct  electric  actum,  tixe  whole  bang 
mexelj  a  qnetition  of  degree  of  capacity. 

EUctric  Induction^ 

It  has  next  to  be  obserred  that  common  eleetricify,  whssL 
excited  in  one  body,  may  be  communicated  by  it  to  anotfaer 
without  either  contact  or  friction.  If  an  excited  g^aas  rod  be 
brought  dose  to  one  end  of  an  insulated  harixontal  rod  of 
metal,  the  metal  will  become  electrical,  as  evidenced  by  tlie 
divergence  of  pairs  of  pith-balls  hanging  from,  either  end. 
But  this  state  of  excitement  only  continues  while  the  ^ass  rod 
is  near.  Bemove  it,  and  it  instantly  ceases,  the  pith-ballB 
collapsing.  It  is  inducfd  by  the  neighbourhood  of  an  excited 
body,  which  disturbs  the  equilibrium  of  electric  force  in  the 
non-excited  body.  The  electric  force  attracts  that  of  an  o]qK>- 
site  nature,  and  repels  that  of  the  same  kind  as  itself.  The 
vitreous  electricity  of  the  glass  causes  the  end  of  the  metal 
rod  near  it  to  be  resinously,  t.  e.  negatively  electrified,  the 
other  or  remote  end  being  positively  electrified  at  ihe  same 
time.  On  removing  the  cause  induction  ceases,  and  equili- 
brium is  restored. 

But  let  the  metal  rod  be  divisible  into  two  parts,  touching 
each  other,  and  let  them  be  separated  while  the  glass  rod  is 
still  near  (without  touching  them  with  the  hands).  They  will 
now  remain  electrified,  the  one  negatively,  the  other  positively, 
after  the  rod  is  removed.  On  bringing  ^em  near,  equilibrium 
is  restored  with  a  spark. 

Prof.  Faraday  conceives  that  the  particles  of  air  and  other 
non-conducting  matter  in  the  vicinity  of  a  charged  body 
become  arranged  in  a  polarized  manner,  the  half  near  the 
charged  body  exhibiting  electricity  of  the  opposite  kind,  the 
remote  half  of  each  retaining  electricity  of  fiie  same  kind  as 
that  of  the  excited  or  inducing  substance. 

A  highly  charged  body  about  to  discharge  itself,  does  so  by 
first  inducing  electricity  of  an  opposite  kind  in  some  substance 
or  part  of  the  earth  near  it.  The  two  opposed  electricities, 
when  sufficiently  near,  neutralize  each  other  with  a  spark. 

Frictional  Electricity, 

We  have  thus  glanced  at  some  of  the  phenomena  of  elec- 
trical action  that  may  be  created  by  means  of  friction  on  a 
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glass  tube ;  but  as  that  method  excited  only  a  small  qaundl^ 
of  electricity,  the  electrical  machine  was  invented,  whereby  a 
large  amount  of  electricity  may  le  placed  at  command  with 
little  trouble  and  coat.  The  machines,  although  differing  in 
construction,  are  the  same  in  principle.  Electricity  ifl  excited 
by  the  friction  of  a  rotating  glass  surface  against  a  rubber,  and 
collected  for  nsc  on  an  insulated  metallic  conductor.  We  pro- 
ceed to  describe  the  machine  in  moat  common  use,  fig.  307. 


Fig.  307.— Electricul  Mnchiue. 
a  6  is  a  hoUov  cylinder  of  glass,  from  4  to  20  inches  in  M 
diameter,  and  from  6  to  18  inches  in  length,  having  pivots  pro- 1 
jecting  and  made  to  revolve  in  round  pieces  of  wood  or  metal  ee- 
nient#d  on  upright  glass  pillars  e  d.  which,  aa  well  bs  supporting, 
insulate  the  cylinder ;  this  ia  driven  round  by  means  of  a  winch 
e  ;  3  is  a  cylinder  of  wood  covered  with  tinfoil,  supported  on 
a  glass  pillar  i,  which  bj  means  of  a  groove  and  screw  m,  at 
the  bottom,  can  bo  eased  from  or  pressed  ngaiast  the  cylinder 
of  glass.  Fastened  to  the  wooden  cylinder,  and  resting  with 
n  perfect  but  gentle  pressure  against  the  glass  cylinder,  is  a  _ 
cushion  or  rubber  stuffed  with  h-orae-hair  and  covered  w 
chamois  leather.    This  cushion  is  rubbed  over  with  an  amalgna 


rmtij tttri md ^at «— C  Wbcs  eoune amai_ 
IImMiuJ  BMi,aai  MM  be  opwl  on  Ike  CBahioB.  T»  dw 
•aAioB  is  Mvad  ft  fa^  rf  oOnd  «&,  vkidt  Go  laowlyowf 
tte  ny  rf  the  ftfaitf .  Oa  Ap  appose  aide  is  aa>i«lwr«»r 
dMtor  and  pMBlii,  wfeov  tk  p«Btn«  vr  ntneu*  decfadlf  ii 
•alhttod  M  it  CM«pt»  bam  vaitnnth  the  ntt  fap.  Bott 
the  ^mAriol  imilmliMi  ue  mmlated  hj  bans  pt"*wl  •■>. 
fSiaa  of  ^»K.  Ihe  ijMjtBad  is  whidi  e^enmenta  a^ 
■ude  BB«t  be  diT,  aad  dkooU  be  wm ;  and  the  ^am  fUU^ 
Mtmg  M  taialattn,  miEt  be  eoated  vitfa  a  Htlatteo  of  alldt^ 
laein  vBCtiSed  iiitnta,  aod  «hai  oKd  dnnld  be  peiimttj- fit* 
from  dust* 

AefaaiaH  attaAed  to  the  rabber  and  allowed  ti 
groosd,  vhence  the  iwgailte  dectndty  is  dischaigcd  inlo  the 
esrtfa.  If  this  dtaia  be  withdravn  sod  at- 
tached to  Ob  odMT,  whkh  is  name-i  'li^ 
prime  randiMtor  k,  then  the  pwiT:-<  7 
vitTOOOS  electricitj-  ia  cairied aB,  an!  n-  r.x- 
ttve  dectridty  ia  obtmned  froon  thf  > 


When  tike  machine  is  buned  in  a  daric 
apartmCTit,  its  appearance  is  most  beavtifid. 
llie  condactoTs  bnng  removed,  brilHant 
sparks  and  Htreams  of  riyid  light  pass  bom 
the  t«nnination  of  the  flap  aionnd  the  nndcr 
part  of  thp  cylinder  to  the  rabber ;  a  pcnnted 
rod  of  iron  held  at  some  distance  fi«m  the 
cylinder,  in  a  line  with  the  end  of  the  silk 
flap,  will  canse  a  bright  light  to  he  Been  as 
if  coming  ont  of  the  iron  point.  If  points 
be  presented  to  both  condactore  at  one  time, 
there  may  be  observed  nt  the  point  pre- 
eeoted  to  the  prime  c-onductorA  a  star  of 
light,  and  at  the  point  presen  ted  to  the  nega-  ^-  Mi 

tivo  conductor  the  appearance  wiD  be  like  a  bright  bnuih  M 
pencil  of  light,  as  seen  in  fig.  308. 

If  a  person  standing  near  to  the  conductor  place  his  It 
upon  it  when  the  machine  is  being  worked,  there  will  be  n 
*  electricity,  becanse  it  flows  silently  through  hia  htB 
body  to  the  earth  ;  but  if  he  stand  on  a  bI«o1  having  g' 


legs,  then,  tho  pasenga  of  the  electricity  Tieing  Btoppol  by  non- 
conductors, sparks  may  bo  drawn  from  him  as  Crom  the 
conductor  itself. 

If  a  hole  ho  made  in  the  knob  at  tlie  outwarJ  end  of  the 
prime  conductor,   and  a.    tuft  of  ^ 

feathexa  placed    in  it,   then,    the  J 

machine  being  worked,  the  feathers     ~ 
will  stand  erect  and  endeavour  to 
avoid  each  other;  as  each  is  elec- 
trified by  the  same  electricity,  tliey 
repel  one  another. 

The  phenomena  of  attraction  and 
repulsion  are  well  shown  by  the 
little  apparatus  known  as  the  elec- 
tric beUs  (fig.  309).  They  are  sus- 
pended by  the  hook  from  the  end  of 
the  prime  conductor  h  ;    the  two  : 

outer  bells    are    hung    by    brass  ■ 

diains,  while  the  central  one  with  ' 

the  two  clappers  on  either  side  hang  ^'B-  ^^• 

from  silken  strings ;  the  middle  boU  being  connected  with  the 
earth  by  a  thin  brass  chain.  On  turning  the  cylinder  the  two 
outside  bells  become  positively  electrified,  and  by  induction 
the  control  one  becomes  negative,  a  luminous  discharge  taking 
place  between  them  if  the  electricity  be  in  too  high  a  stntc  of 
tensioii.  But  if  the  cylinder  bo  slowly 
revolved,  the  little  brass  clappers  will 
become  alternately  attracted  and  repelled 
by  the  otitermost  and  inner  holla,  pro- 
ducing a  constant  ringing  as  long  as  the 
mocbini'  is  worked. 

Let  a  metallic  plate  be  suspended  from 
the  conductor,  and  underneath  it,  at  a 
distance    of    three    or  four  inches,   let 
another  plate  (fig.  310)  be  placed  ;  then 
if  some  pieces  of  paper  in  the  shape  of  - 
the  human  figure,  and  a  number  of  small 
pith-balls,  be  laid  upon  the  lower  one, 
set  in  motion,  the  little  figuree  and  balls  will  jimip  to  thel 
upper  plate,  then  be  repelled,  and  go  on  dancing  up  and  down  'I 
as  if  alive. 
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ThcTD  are  many  other  pleaaing  and  degaat  eipniiifto  to 
be  performed  with  the  aid  of  the  electrical  madbziie,  a  hw  d 
which  we  Hhall  describe. 

Barker^ i  wpotted  tube  is  a  pretty  instmmcnt.  It  fi  a  glm 
tube,  well  rounded  at  one  end  and  open 
at  the  other^  about  ten  inches  long  and 
three  qnartera  of  an  inch  in  diameter ;  a 
smooth  piece  of  tinfoil  is  fixed  at  the 
upper  closed  end,  and  spangles  of  tinfoil 
are  placed  in  a  spiral  form  around  the 
tube  from  end  to  end  (fig.  311).  A  cap 
of  brass  is  cemented  on  the  outside  of 
the  lower  end  of  the  tube,  and  a  strip  of 
foil  placed  round  it.  From  this  ring  four 
wires  project  outwards,  haying  their 
points  bent  at  right  angles.  The  tube 
is  then  set  on  an  upn^t  wire  which 
passes  upwards  into  the  tube  to  its  top, 
and  this  wire  is  then  set  on  an  insulated 
stand,  and  brought  near  the  prime  con- 
ductor, when  it  turns  round  and  pre- 
sents a  most  vivid  appearance. 

Place  a  (fig.  312)  so  as  to  receive 
sparks  from  the  prime  conductor ;  pour 
cold  spirits  of  wine  into  c  just  sufficient 
to  cover  the  bottom  of  the  vessel,  and 
set  it  under  the  wire  h ;  turn  the  ma- 
chine, and  the  spirits  will  be  set  on  fire.  ""S*  ^^^• 

Take  a  cake  of  resin  or  sheU-lac,  and  after  ezcitiiig  it  write 
with  the  knob  of  a  jar  charged 
with  positive  electricity  a  word 
on  the  cake,  then  scatter  on  it  an 
equal  mixture  of  finely-powdered 
sulphur  and  red  lead ;  the  sulphur 
wiU  fly  on  to  and  attach  itsdf  to 
the  writing,  while  the  lead  sepa- 
rating will  cover  the  other  parts 
of  the  resinous  cake.  The  effect 
of  this  experiment  is  both  beau- 
tiful and  interesting. 

The  dtctrieal  planetmiumy  re-  Fig.  ;)12. 
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fig.  313,  is  connected  with  the  prime  conductor 
ty  means  of  a  chain ;  and  when  the  machine  ia  set  in  motion, 
the  reaction  of  the  air  against  the  points  a  and  ft  on  tho  wirea 
of  the  apparatus,  causes  it  to  move :  the  lai^  ball  repreeentiiig 
the  sun,  the  earth  revolves  round  it,  and  the  moon  round  the 
earth  and  aun.  This  experiment  nerves  to  illnstrato  the  force 
of  the  current  of  air  which  accompanies  the  discbarge  of  < 
electricity, 


'  Fig.  313.  Fig.  314. 

If  a  Bmall  pail,  with  a  spoilt  near  the  hottom  (fig.  314),  in 
which  there  is  a  hole  just  large  enough  to  let  the  water  out  by 
drops,  be  filled  with  water,  and  fastened  to  tho  prime  con- 
ductor, on  turning  the  machine  tho 
water  -will  fly  from  it  in  a  stream. 
Bad  in  the  absence  of  light  seem  to 
be  a  atream  of  fire.  This  is  ac- 
counted for  by  the  mntual  repulsive 
property  of  similarly  electrified  par  - 

Attraction  and  repulsion  arc  also 
amusingly  seen  in    the    elMU-ieiil  ^ 
swing',  the  inBuIated  brass  haU  ■ 
(fig.  315)  ia   connected  with  th«  \ 
prime  conductor,  wMIe  the  opposite  11 
boll  h  communicates  with  the  earth  , 
the  little  figure  on  the  eUken  cord  is 
drawn  towards  a,  where  it  receives 
a   charge  which  It   discharges  on  ^  ^'" 

'    0  continues  in  actiii 


^— -if 
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w  L  snuZ  Kzfp  cf  wood 
L  Tr^t';ir:i<L  ciL  a  like  t 
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termiiiAdii^  in  pi:iz.:s.  -izii  supported  "v  scrc-n^  pieces  rf  c 
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j  the  negative  conductor  and  con- 


^^P  Fig.  317.— PlafB  Electric  Macliine. 

^^^  Great  power  can  be  obtainoil  by  theao  machinea ;  and  aa 
*  their  surfaces  can  bo  easily  reached,  they  are  kept  more  per- 
I  fectly  dry  than  those  of  the  cyHndrical  form.  Excellent  and 
^iBOonomicftl  machines  are  now  made  by  covering  a  diao  of  wood 
^Hdlli  a  thin  sheet  of  ^tta  porcha. 

^torth 


I  Electricity  ia  as  yet  a 


-deetrie  Apparatus. 

young  acience,  and  every  day  bringa 
finthsomo  discovery  in  reiatioo 
markable  is  that  of  the  possibility  of  goner 
— a  machine  for  which  purpose  w 
Polytechnic  Institution, 

A  workman  at  8eghill  collieiy,  near  Newcastle -upon -Tyne, 
having  to  adjust  a  safety-valve  in  conaequcnce  of  an  escape  of 


3  of  Uie  most  J 
rating  it  from  stfam 
s  used  for  some  time  at  the 


tridtj  vImb  one  <tf  his  hnds  ira*  in  the  v-^eor,  wfaufepV- 
ceeded  fnm  tbe  bcikT  *ai  &b  meUl-work  eaiiM4ed  viftIL 
Mr.  AnmOwig,  a  «»i— ymu  pntl^mi  at  Xevc^Mle,  hmwii' 
atcfy  eDomaimd  an  iiin«ti|,ilMi  <d  the  oabjeett  and  fani 
tint  with  an  buolatvd  Imas  nd,lxa¥tiig  at  one  MiidalMlItfl 
at  the  other  a  metal  fdabe,  he  obtaiBed  fom  it  60  to  TOapufa 
per  BOBiite ;  the  l«Il  bemg  neu  the  heaitr,  and  f^  pbte  it 
the  Btem.  This  led  ahn—tety  to  tlw  ooBatmctim  of  6* 
h}dn»-<leaiw; 


I'Slar 


g.  S18. — Arnutron^'s  E^dro-dectnc  Miirfrina. 

it  cjlindricaL  tubular  boiler  i.  a  (fig.  1, 
rolled  LToa'plate  cased  in  wood,  7  feet  6  inches  long,  0 
if  vhich  is  occupied  by  a  smoke-bos.     The  fbnmce  a 
hole  are  vithin  the  boiler,  &nusbed  with  a  metal  j 
which  18  applied  to  exclude  Ught  during  so 
There  are  46  bent  iron  tub  es  t,  in  form  not  nnlike  thefigMtitI 
2,  rising  abovo  the  boiler,  and  terminating  in  jets  formed  d  I 


partritlge--vrood.  Either  half  or  the  whole  of  the  jets  may  he 
opened  bj  moima  of  the  levers  which  project  Irom  the  sides  of 
the  boiler,  d  b.  The  boiler  is  insulated,  and  supported  oa  stout 
columns  of  glass,  b  B.  A  iiinc  case  c  having  four  rows  of  points 
is  placed  in  front  of  the  jets ;  these  colleet  the  electricity 
from  the  ejected  vapour.  When  a  large  quantity  of  electricity 
IB  required,  the  points  are  placed  within  a  tew  inches  of  the 
jets ;  and  when  long  sparks  are  ueeded,  it  is  moved  to  a  distance 
«f  about  two  feet.  The  pressure  at  first  is  about  90  lbs.  This 
eleetricify  is  remarkable  for  its  intensity,  as  well  as  the  enor- 
mous quantity  produced  in  comparison  with  other  frictional 
machines :  ita  quick  succession  of  sparks  causes  it  to  inHome 
shavings,  paper,  and  gunpowder. 

The  Eleetrometer. 

To  measure  the  intensily  of  machine  electricity,  there  arc 
instrumonts  called  electroscopes  and  electrometers.  In  some 
instances  the  electrical  tension  is  so  weak,  that  its  presence 
can  only  be  detected  by  those  delicate  instruments.  They 
shew  when  a  body  is  in  a  statc^  of  electrical  tension,  and 
whether  the  free  electricity  it  possesses  he  positive  or  negative ; 
acting  thus  according  to  the  universal  law  of  electrical  polarity. 
their  excellence  depends  on  having  a  good  conductor  in  con- 
nexion with  some  l%ht  bodies  that  may  he  mutuaUj  attracted 
or  repelled  with  great  facility. 

Cavallo'a  electrometer  consists  of  two  balls  of  cork  or  pith 
suspended  in  a  covered  glass  jar  to  two  very  fine  wires,  which 
arc  attached  above  to  a  conductor.  Yolta  used  fine  straws  in 
place  of  wires. 

Bennett's  gold-leaf  electrometer  is  constracted  on  the  same 
principle,  but  in  place  of  the  wires  and  balls  he  uses  two 
fine  strips  of  gold-leaf, 

A.  C.  De  Coulomb  was  the  first  who  invented  the  method 
of  measuring  the  quantity  of  action  in  electrieitj".  The  instm- 
ment  he  invented  for  the  purpose  was  the  torsion-balance,  a 
needle  hanging  from  a  silk  fibre  in  which  the  force  of  torsion 
or  turning  necessary  to  produce  a  given  effect  serves  to  measure 
the  amount  of  attraction.  Coulomb's  toraion-balunce,  when 
fitted  up  for  electrical  purposes,  consists  of  a  horiiontal  needle 
e  (fig.  319),  made  of  shell-lac,  having  a  gilded  pith-boll  at  onf- 
end,  and  a  C(nmtfiip(Hae  at  the  other ;  this  is  suspended  by  a 
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p^Ar.z  ■  i  "r.f  jTtii'iaV'i  ^nile,  *  "  nfit-r 

^■•w  i-jl:r.-l'T:  '.hia  wji'  i.-  us.)  -n- 
viilM  wilt  1  pith-^all.  rlJl^L  i='i   ( 

!"iii-'h  wK«i  'h.-  'jini-  n-r^s-fLr  L-  ir.  i 
■rt«W  'it  *'.;;;ibrl^i!3i.  -.r  zhij  aay  'e 

-.-Wrw  '.,  T>.f  hail  ■'  r.wi^  apriiieii  - 
'>-n  jniroe  roR<lii«b>r  'if  *  icdcrizie  ii- 
:■***  th'-pith-iialL)  '.el^w, «tniini di«a 
t<t  i»jw:l  ea.;h  other,  a&i  ■h::.'^  'ieileccmj 
:he  Tjeedle,     The  *calt!  -Lt  carkeil  ic 

HftTi!*--y'i  qnailrant-jltttriiiietenir. 
;ia>j  wrvfifl  alio  ^>  m«t-nrii  the  repal- 
Mve  f  .r-^s  of  p-jwerful  el^Ltncal  tec-  ^^-f?-  ^'*- 

niim:-,  ami  U  cfjr.si'iertd  a  nMCseory  part  of  an  eleetiicBl 
mftchiiu-,  h>i:inf  pl:ii;'>'l  in  a  amnJl  hiile  nude  in  the 
ft-indniiMr,  I:  .^T-iLits  '-f  a  aradnaced  half-rirtle 
AxfA  t'l  a  wiiniietira  ro"i :  from  the  ■.'«;rre  ot  th« 
fiimle  [ipry;teiii  a  iho.rt  reed  •va  a  tin*  axis,  an-l 
havir.?  a:  iw  er,''!  a  pith-ball.  The  tcoremettt  of 
the  reed.  &vim  the  hail  of  the  '^cdn'^tor  aOTinst 
whii;h  it  rests,  np  the  *:ale  Earts  the  amonnt  of 

rm  EJ.4etf-.fn;n.ii. 
.\,n  instrument  inv-ent.?d  by  V.-,lta.  and  fcioim 
a.-*  the  electr-jphonis  i  dg.  3i  1 1.  ■sj'nsista  ■:■(  a  L-iriMilar 
metal  plate  hiring  a  rim  aboat  a  quarter  of  an 
inch  deep  at  the  edae.  into  whieh  is  poured  equal 
part^  cif  melted  shell-lae.  Venice  turpentine,  and 
resin:  and  a  metal  eover  wi!h  a  gla^a  handle. 
The  resinotu  plate  is  held  in  a  jlantinff  dirMtitin. 
and  atrock  sharply  s^vetal  times  with  dry  warm      Kg.  3t),i. 
for  or  flannel :  the  cij^er  u  then  placed  on  the  plate,  and  on 
applying  to  it  a  metallic  knob  or  the  knuckle,  it  is  ftxuul  to 
haveaccumnlatedaweakcbiu^ofaegatiTeelectiicity.  Semore 
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theeoT'eT,  andtheaapproach  the  knuckle,  astrongspurkoi 
live  electricity  will  he 
drawn.     This  may  be 
repeated  several  times 
without  again  exciting 

deed,  under  particular 
circnmstances,  such  as  a 
dry  state  of  the  air,  for 
weeks  afterwards.    The 
eleclriiaty  of  the  movo- 
able  plate  is  in  this 
derived  not  in  the 
of  charge  from  the 
hut  is  the  result  of  the 
procesa    of     induction. 
The  upper  surface  of  the 
coyer  ia  negatively,  and  the  lower  positively  electrified,  by  in- 
duction, while  touching  the  resin.     The  resinous  electricity  ia 
drawn  off  in  the  first  spark,  leaving  the  positive  in  escoss. 
This  is  drawn  in  the  second  Bi>ark,  on  removing  the  plate. 

Faraday  used  an  eiectrophorus  of  shell-lac  about  an  inch 
diameter,  and  seven  inches  in  length,  fixed  in  a 
wooden  stand,  the  shell-lac  being  concave  at  the  top 
to  hold  a  brass  boll ;  from  tliia  ho  demonstrated 
that  inductive  action,  taking  place  invariably  through 
the  intermediato  matter,  would  be  found  to  be  ex- 
erted, not  in  the  direction  of  straight  lines  only,  but 
also  in  curved  lines.  The  upper  part  of  the  stick  of 
shell-lac  was  excited  by  friction  with  warm  flnnnol, 
a  bra^s  hall  suspended  by  silk  was  placed  in  the 
hollow  at  the  top,  and  the  whole  arrangement  ex- 
amined by  the  carrier  ball  and  an  electrometer.  For 
this  purpose  the  carrier  was  applied  to  various  parts 
of  the  hall,  the  two  wore  uninsulated  whilst  in  con- 
tact or  iu  position,  then  insulated,  separated,  and  the 
charge  of  the  carrier  examined  as  to  its  nature  and 
ioKo.  Whatever  general  state  the  carrier  acijuired 
in  any  place  where  it  was  first  uninsulated,  and  then 
insulated,  it  retained  on  removal  from  that  place,  "nd 
the  distribution  of  the  force  upon  the  surface  of  the  **■ 
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^  mimeUovt  body  while  under  ibo  inftuence  of  the  ti 
UMTtAined.  The  charges  Uken  from  the  boll  in  tfaia  ita  n 
minted  atutc  were  al\ra^  vitreftus,  or  of  the  contrary  ckaractor 
to  thii  elifctrioity  of  the  kc.  "When  the  contact  waa  made  at 
the  under  piirt  of  the  ball  ti  [fig.  322).  the  meaaored  dc^m 
of  furee  was  512  degrees,  when  in  a  line  with  its  eqoabff  t 
270  deftreea,  and  when  on  the  top  of  the  ball  ft  130  degrea. 
Even  in  the  position  c  the  proof  ball  became  iadiict«ous,  and 
at  a  it  was  affected  in  the  highest  degree,  and  gave  a  iiauH 
above  1000  degT«ee. 

I  TheLeydmJar. 

The  flnid,  or  force  of  electricity,  seems  not  to  spread  t 
the  entire  body  of  the  thing  that  receives  it,  bat  to  remain  on 
the  surface.  To  prove  this,  in  1837  Faraday  had  a  la^ 
chamber  made  coated  with  leaf-gold,  and  properly  insulated; 
to  this  electricity  waa  appHed  until  sparks  and  pcnc-ils  of  light 
were  thrown  off.  The  philosopher  then  placed  himself  insida 
with  candlea  and  the  most  delicate  electrometers,  but  within 
the  chamber  not  the  least  effect  was  perceptible. 

Smcaton,  the  celebrated  engineer,  covered  a  sheet  of  giaa 
on  both  sides  with  tTii"  metal,  leaving  a  margin  all  aroandi 
then  having  applied  electricity  to  one  of  the  surfaces,  ba 
touched  each  side  at  the  same 
time,  and  received  a  shock. 
W.  Watson,  who  had  thrown  great 
light  on  the  subject,  covered  a  jar 
on  both  sides  with  thin  leaf-metal; 

.  leaving  a  portion  near  the  necfe 

\  bare ;  and  this  soon  led  to  what  it 

'  now  known  by  the  name  of  the  | 
Leyden  jar  (fig.  323). 

A  cylindrical  glass  jar  is  covered  I 
with  tinfoil  both  inside  and  outside 
to  within  a  few  inches  of  the  top,  ^'S-  ^23, 

the  uncoated  glass  forming  the  insulating  part.  Tho  lid  is 
made  of  baked  wood,  and  inserted  with  sealing-wax  ;  and  a 
light  metallic  charging  rod  extends  about  three  inches  oat  of 
the  hd,  torminatea  in  a  knob,  and  is  in  contact  with  t' 
coating  of  the  jar  at  the  bottom, 

"■      Leyden  jar  is  a  machine  for  storing  up  el 


which  is  coEtflined  in  the  inner  plate  of  metal,  and  halanee 
Bgaiofit  electricity  oC  the  opposite  bind,  produced  in  the  outer  * 
plate  (connected  with  the  earth)  through  the  di-electric  layer 
of  glass. 

^ten  the  knob  of  the  charging  rod  is  placed  near  the  con- 
ductor of  the  machine,  aparka  are  emitted,  which  grow  fainter 
as  the  jar  is  charged.  The  electricity  on  the  outside  of  the  Jar 
and  that  of  the  inside  are  eommuuicated  to  each  other  by 
means  of  the  discharging  rod,  represented  in  the  wood-cnt, 
which  eonsiste  of  two  bent  arras  of  brass,  having  at  the  ends 
round  knobs,  with  a  joint  in  the  centre  to  open  or  close  to  the 
reqiured  distance.  The  handle  ie  of  gloss,  that  it  may  be 
insulated. 

When  it  is  desired  to  discharge  the  electricity  of  the  jar, 
one  knob  of  the  discharging  rod  is  broU2:ht  in  contact  with 
the  outer  covering,  and  the  other  to  the  knob  of  the  charpng 
rod,  when  the  negative  and  positive  electricity  rush  violently 
tomeeteaehother,  and  with  a  loud  report  and  vivid  hght  equili- 
brium is  rostored.  When  we  recollect  that  the  hnudreds  of 
sparks  which  enter  the  jar  from  the  prime  conductor  are  dis- 
f^arged  in  one,  we  cease  to  marvel  at  the  force  and  brilliancy 
of  the  discharge. 

As  the  quantity  of  eleetricitj"  is  much  greater  when  col- 
lected in  a  Leyden  jar  than  that  derived  at  any  one  time  from 
the  conductor,  if  a  charge  be  sent  through  the  human  trame 
a  violent  shock  is  felt.  When  a  hundred  or  more  persona  join 
hands,  and  the  person  at  each  end  takes  hold  of  a  chain  or 
other  means  of  communication ,  so  instantaneously  is  the  shock 
felt  by  all,  that  the  unanimous  shout  of  '■  Oh  I "  is  in  excellent 
time.  The  shock  can  be  communicated  at  almost  any  distance 
without  a  perceptible  difference  of  time. 

The  electricity  that  passes  into  the  jar  is  vitreous,  or  posi- 
tive, if  taken  from  the  prime  conclactor ;  that  from  the  cushion 
resinous,  or  negative ;  but  whichever  electricity  is  passed  into 
the  jar,  the  opposite  will  be  induced  on  the  outside  of  the  jar. 

If  a  Leyden  jar  be  insulated,  that  is,  placed  so  that  it  shall 
have  no  communication  with  the  ground,  it  will  be  incapable 
of  receiving  a  charge  of  any  considerable  amount.  Let  a  (fig, 
324)  be  a  Leyden  jar  standing  upon  a  gloss  support  b ;  it  wH] 
receive  no  charge  from  the  prime  conductor,  unless  a  con- 
ducting communicatioD  be  made  with  its  outside  coating  and 
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■ictfcd  to  tfce 
it  win  be 

er  tba  Koold  otLwiae  mmn- 
tmet  tbe  RHUMB  dMBidtj  far 
«1im1i  tbe  dwrge  is  tmifiTTinl 
IUb  earn  <mly   be   dfceted   by 

phoB;  tlw  outer  aoBftoe  in  ccm- 

BosiaBwidi  the  CMtli,  tbe  hand 

«f  tbe  openlar,  ta  tfae  «Mtii^  of  ^  ^^ 

motherJBT. 

Bf  ptaEXBg  togedHT  mtosI  eosted  jan,  muting  cheiT  dut^ 
gii^rods,aBil  comwetiiig  ibMi' ovto' bw&ms  l^  a  proper btn 
iwhf  Aaiim,'wiKadaaf;eiAef»Aaiaaejm  a  oombinalka 
iAmIi  is  aOed  an  clc^rimr  tottary.  M.  Mainm  fcnofd  k 
batteiy  of  one  hsndrad  jais,  end)  duiteen  mdies  in  itt^—u^T, 
and  two  feet  h^i,  Uie  vhile  eoonBtLng  ot  abmit  550  aamit 
Ibrt  of  eo«ted  glass.  ARer  -tliargtng  tbu  tzemendiMin  bstteij, 
te  paased  the  electricity  thivD^  steel  t»is  nine  inebes  lo^ 
half  an  inch  wide,  and  one-tweUtfa  of  an  Indi  thick,  wlnA 
rendered  tJic  bsrs  intensely  magnetie.  The  bsrdeet  Trood  vh 
lent  to  pieces,  iron  iriie  vas  Aspersed  in  Rd-bot  IwIIb,  ff^ 
tin  vire  became  a  dond  of  b-Iue  ^moke,  which  rained  down  hit 
^bnles.  Snch  a  dischar^  dEstroved  a  do^  instantly  lAa 
passed  thnogh  the  head  and  fpino. 

Effctt  of  EUOric  Dittharye. 

When  these  large  (juantities  of  electricity  are  ase<d  to  asl 
upon  iaorganic  bodies,  the  oondnctore  ate  so  arranged  that  Uw 
body  mbjectcd  to  the  influence  may  fonn  p«rt  of  a  cinut 
For  this  purpose  on  instnunent  is  contnTed.  called  a  mh- 
verfal  diat^arger. 


Fig.  325. 


EITECT8  or  BLECtBIQ  BISCQAaOE. 

Thia  consists  of  two  rods  fixed  oa  pillar 

verssl  joints,  the  rods  being  so  plaeed  ii 

lengthened  or  shortened.     In  the 

centre  is  an  insulating  table  o 

a  glass  rod,  with  a  contrivance  for  J 

lowering  or  heightening  it.     The  ' 

Qircuit  is  completed  by  the  rods 

b^ng  connected  with  the  negative 

and  positive  portions  of  the  bat-    i 

tery;  and  the  object  to  be  acted 

on  is  placed  in  the  centre  of  the 

little  table  between  the  ends  of 
the  rods. 

A  charge  from  u  battery  fired  through  many  sheets  of  paper 
will  cause  a  ronnd  hole  throagh  all,  and  produce  a  smell 
similar  to  phosphoms.  In  this  experiment,  if  the  paper  be 
examined,  a  blur  on  both  sides  will  bo  seen,  evidencing  that - 
the  two  electrical  cuireitte  have  passed  in  opposite  diicctions.j. 
A  leaf  of  gold  placed  between  pieces  of  common  windowij 
glass  will  be  bo  forced  into  them,  as  to  change  tho  body  o 
of  the  gliiss  into  a  purple. 

If  a  small  phial  half-full  of  snlod  oil  have  a  shght  piece 
of  wire  passed  through  tho  cork  and  so  bent  within  the  phial 
as  to  touch  the  glass  just  below  the  surface  of  the  oil,  and  a 
Bpuk  be  taken  from  a  charged  conductor,  while  a  thumb  is 
placed  opposite  to  the  point  of  the  wire,  the  electricity  will 
make  a  hole  in  the  phial  in  its  journey  to  the  thumb.  A 
thousand  exceedingly  small  and  petieetly  ruundholes  may  thus 
be  formed. 

If,  when  the  machine  is  at  work,  a  pointed  brass  wire  about  rf 
incheslongjbavinga  small  brass  bull  o   . 
(fig.326)at  its  extremity,  and  the  other 
end  connected  with  the  extremity  of  a 
prime  conductor,  be  directed  agmnst 
the  flame  of  a  candle  b,  the  flame  will  w  m 

bo  blown  away  as  if  wind  lJ*om  a  bel-  tak 

lows  had  beui  used.  1^11 

A  gold  ground  is  sometimes  g^von  KJ^ 

to  paper  or  sUk  by  first  cutting  oat  in 
alight  card-board  the  pattern  wished ;  *'    -^■ 

this  being  placed  on  the  silk  or  paper,  gold-lcnf  is  laid  a\ 
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fhysique,'  of  "  thnnder  and  lightning  boing  in  the  hanc 
what  electriuity  is  in  ours."  In  1749,  Fraaklin  i 
he  idea  ot  explaining  the  phenomena  of  thunder-gufits 
thu  aurora  borcalitt  upon  olectrical  principles ;  and  in 
e  year  he  conceived  the  bold  idea  of  testiiig  tie  tmth 
s  doctrine,  by  actually  drawing  down  lightning  by  means 
rp-pointed  iron  rods  raised  into  the  region  of  the  clouda. 
g  the  building  of  a  chuich  at  Philadelphia,  while  waitdng 
,0  erection  of  the  spire  to  try  the  experiment,  he  became 
of  the  delay,  and  coneeived  he  might  accomplish  his 
oliject  by  means  of  ft  common  kite.  Accordingly,  in  the  summer 
<rf  17S2,  he  prepared  one  by  fastening  two  croBS-sticks  to  a 
aiDc  handkerchief,  which  would  not  suilcr  so  much  from  rain 
as  paper.  In  the  upright  stii:k  waa  affixed  an  iron  point. 
The  string  was  of  hemp,  except  the  lower  end,  which  waa 
BJIk,  "Where  the  hempen  string  terminated  a  key  was  fastened. 
With  this  apparatus,  on  the  appearance  of  a  thunder-storm,  he 
went  out  on  a  common,  accompanied  by  his  son.  He  pkced 
himself  under  a  shed  to  avoid  the  rain,  his  kite  was  raised,  a 
thunder-clnud  passed  over  it,  luid  no  sign  of  electricity  ap- 
peared. His  heart  now  misgave  him  that  the  fate  of  hi« 
theory  was  sealed ;  but  when  deapairing  of  success,  suddenly 
he  observed  some  of  the  loose  fibres  of  the  string  move  to 
aa  upright  position,  repelling  each  other.  He  now  presented 
tis  knuckle  to  the  key,  and  received  a  strong  spark.  Eain 
having  now  fallen,  the  conducting-  power  of  the  string  became 
increased,  repeated  sparkg  were  drawn  from  the  key,  a  phial 
was  charged,  a  shock  was  given,  and  other  confirmatory  experi- 
ments were  performed.  J 
The  identity  of  lightning  and  electricity  had  been  proved  a« 
short  time  before  Franklin's  celebrated  kite  expeiiment,  by  afl 
French  philosopher,  who  obtained  sparks  from  an  elevated  aj  ' 
insulated  pointed  rod  erected  near  Paris;  however,  it  \ 
fnmkHia  who  suggested  the  plan. 

M.  de  Romas,  of  Nerac  in  France,  on  the  7th  of  June,  ] 
Tepeated  the  kite  experiment  of  Franklin ;  ho  raised  the  k 
to  a  hdglit  of  550  feet,  and  had  a  copper  wire  wound  round 
the  String,  which  was  attached  to  an  insulated  iron  tube. 
TbB  flashes  were  extraordinary  in  size,  and  the  people  near 
fdt  a  peeuliar  sensation  as  of  spiders'  webs  spread  over  tl 
faces.    A  roaring  sound  was  heard,  and  straws  were  attractfii 
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and  rppcUed  from  the  string,  while  the  kite  appeared  nr- 
rounded  by  a  bright  light. 

Those  experiments  aroused  the  attention  of  philosophers  in 
all  parts  of  the  world.  But  a  fatal  warning  of  the  danger  of 
trifling  with  thunder-clouds  was  given  by  the  death  of  Pro- 
fessor Kichmann.  of  St.  Petersburg,  on  the  26th  of  August^ 
1753.  He  had  constructed  an  instrument  which  he  called  an 
electrical  (fnomon,  to  measure  the  strength  of  electricity^  and 
was  observing  the  effect  of  a  thunder-cloud  on  this  instmment» 
accompanied  by  M.  Solokow,  an  engraver.  Professor  Bidi- 
mann  was  standing  with  his  head  inclined  towards  tke 
gnomon,  when  M.  »Solokow,  who  was  close  to  him,  observed, 
as  ho  expressed  it,  ''a  globe  of  blue  fire  as  lai^  as  his  fist,'^ 
dart  from  the  rod  of  the  gnomon  towards  the  Professor's  head, 
which  was  about  a  foot  distant.  This  flash  caused  the  instan- 
taneous death  of  the  Professor,  and  M.  Solokow  was  so  muck 
stunned  that  he  could  give  no  particular  account  of  the  efiecti 
upon  himself. 

The  electricity  of  the  atmosphere,  like  that  of  the  ocean, 
appears  to  be  in  a  constant  state  of  commotion,  being  at  Ml 
tide  just  after  the  rising  and  setting  of  the  sun,  and  lowest  at 
noon  and  midnight.  It  is  generally  positive,  but  during 
humid  weather,  storms,  and  under  the  influence  of  certain 
clouds,  it  becomes  negative.  During  rain,  snow,  sleet,  hail, 
thimder,  and  fogs,  it  varies  rapidly  from  one  condition  to 
another. 

Lightning  is  produced  by  the  clouds  becoming  overcharged 
with  eiectricity,  and  making  sudden  efforts  to  restore  their 
equilibrium.  The  roll  of  tliunder  that  we  hear  is  in  manj 
cases  an  echo,  similar  to  that  which  is  heard  when  a  gun  is 
fired  at  sea  and  a  cloud  is  hovering  near. 

Professor  Thomson,  in  his  *  Outlines  of  the  Source  of  Heat 
and  Electricity,'  says,  "  In  thunder-storms  the  discharges 
usually  take  place  between  two  strata  of  clouds,  very  seldom 
between  the  clouds  and  the  earth ;  but  that  they  are  some- 
times also  between  clouds  and  the  earth  cannot  be  doubted. 
These  discharges  sometimes  take  place  without  any  noise.  In 
that  case  the  flashes  are  very  bright;  but  they  are  single 
flashes,  passing  \'i8ibly  from  one  cloud  to  another,  and  confined 
usually  to  a  single  quai-ter  of  the  heavens.  When  they  aie 
accompanied  by  the  noise  we  call  thunder,  a  number  of  simnl- 


tanoous  flashes  of  different  coloiira,  tind  constituting  an  inter- 
rupted zigzag  line,  may  generally  be  observed  stretching  to  an 
extent  of  Bcveral  miles.  'X'hese  seem  to  be  occasioned  by  a 
number  of  successive  or  almost  simultaneoos  dtecha^;es  iiom 
one  cloud  to  another,  these  intermediate  clouds  Reiving  as 
intermediate  conductors,  or  stepping  atones  for  the  electric 
Auid.  It  is  these  simultaneous  disebargcs  which  occasion  the 
rattling  noise  which  we  call  thunder."  When  no  noise  is 
lieerd,  it  is  the  distance  alone  that  prevents  it;  for  there  can 
be  no  lightning  without  thunder,  any  more  than  we  can  toko 
a  Bpark  from  an  electric  machine  without  a  snapping  noise. 

Often,  most  especially  in  Bummer,  will  largo  drops  of  rain 
fell  with  such  force  to  the  ground  as  is  inconsistent  with  the 
idea  of  its  being  merely  the  result  of  gravity.  The  fact  is, 
those  globules  of  rain  are  like  the  little  pith-balls  before 
mentioned  charged  with  electricity,  which  are  repelled  from 
the  clouds  and  attracted  to  the  earth. 

The  greatest  security  during  a  thunder-storm  may  be  ob- 
tained, if  out  of  doors,  by  taking  shelterundoraheds,  carts,  low 
buildings,  or  the  areh  of  a  bridge  ;  the  distance  of  twenty  or 
thirty  feet  from  tall  trees  or  housp-s  should  be  chosen,  for 
ahonld  a  discharge  take  place,  elevated  bodies  are  most  likely 
to  receive  it.  If  the  explosion  follows  the  flash  with  great 
rapdity,  it  is  evident  that  the  electric  clouds  are  near  at  hand, 
and  a  recumbent  posture  on  the  ground  is  the  most  secure, 
Avcad  water,  for  it  is  a  good  conductor;  and  a  man  standing 
near  a  lake  is  not  unlikely  to  determine  the  direction  of  the 
discharge.  Within  doora  we  are  tolerably  safe  in  the  middle 
of  a  carpeted  room,  or  standing  on.  a  double  hearth-rug.  The 
chimney  should  be  avoided  ;  gilt  mouldings  and  bell- wires  are 
equally  dangerous.  In  bed  we  are  quite  safe ;  blankets  and 
feathers  being  bad  conductors,  we  are  to  a  certain  extent  in- 
snlated.  It  is  injudicious  to  take  refuge  in  a  ceUor,  because 
the  discharge  is  often  from  the  earth  to  a  cloud,  and  buildinga 
sometimes  sustain  the  greatest  injury  in  the  basement  stories. 

The  thunder-house  (fig.  337)  ia  an  amusing  illustration  of 
the  use  of  a  continuous  conductor  for  carrying  away  the  light- 
ning. Franklin  first  proposed  the  erection  of  a  lightning 
conductor  for  the  protection  of  tall  buildings,  conai;«ting  of  a 
metallic  rod  in  perfect  communication  with  the  earth.  A  ig 
intonded  to  roprosent  a  board  shaped  like  the  gable  end  of  a 
2b 
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luNur,  a  yuM«  of  iliy  mahi^aiiy  baring  boen  sdeeted  fiir  flu 
poipow.  with  B.  a  copprr  nire.  haTiiig  a  bran  knob  at  tha 
top.  which  tenninatM  at  d.  bnt  is  made  to  come  in  doee  coi- 
tsct  and  paw  on  to  c.  The  central 
portion  d  is  so  sirnnged  with  the 
wire  fixed  to  it.  that  it  ran  be 
taken  oat  and  placed  crosswise. 
Arranjw  it  now  as  in  the  cut.  and 
tlien  attach  a  piece  of  brass  chain 
to  the  hor*  at  c.  bring  this  in  con- 
tact with  the  ont8idc  of  a  Lerden 
jar  chared  with  electricitr,  and 
flien  with  the  dischat«ing  rod, 
send  the  charge  from  the  jar  to 
die  broM  knob;  it  irill  be  seen 
that  the  chaise  will  pass  down 
irithoiit  doinw  any  perceptible  in- 
jniT.  Xow  place  the  square  piece 
of  wood  D  crosswise,  bo  that  the  Sig.  327. 

line  of  continuity  may  be  broken  in  the  copper  wire,  and  agKt 
send  another  charge  of  electricilr  to  the  brass  knob.  TI» 
shock  will  now  throw  ont  the  piece  of  wood  with  groat  vio- 
lence ;  forming  a  humble  imitation  of  the  effects  of  a  strofcs 
of  lightning,  the  passage  of  which,  when  iiniuterrTiptEd, 
passes  quietly  down,  bat  when  impeded,  deals  dostnictioD 
anrand. 

The  late  Mr.  Crosse,  so  well-known  fnr  hia  researches  ia 
this  branch  of  science,  was  in  the  habit  of  coOecting  the  elee- 
tricitj-  of  the  atmosphere  by  means  of  wires  supijorted  and 
insulated  on  poles  fi:ccd  on  some  of  the  tallest  trees  in  Mi 
garden.  The  wires  were  insulated  on  the  polos  by  moans  rf 
B  fimnel,  represented  in  iig.  328.  It  was  made  "of  coppff, 
ahont  four  inches  in  diameter  and  eleven  inches  in  length; 
into  B  cavity  or  socket  of  about  two  inebes  deep,  formed  at  the 
end  of  the  closed  ftmnel,  was  firmly  cemented  a  stout  ^m 
rod  of  snfBcient  length  to  reach  to  the  open_end  of  the  fiumel, 
where  were  mounted,  by  means  of  strong  cement,  a  metaHiB 
oap  and  staple.  The  latter  received  the  hook  of  a  strong  win 
irhich  passed  through  a  circular  plate  of  copper  placed  about 
finir  inches  from  the  mouth  of  the  Amnel,  and  terminated  is 
B  hook  on  whioh  one  end  of  the  exploring  wire  iras  fiisi 
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funnolt  were  easily  raised  to  the  tops  of  trcoa  or  pok-s 
a  arraogemeat  of  pulleys.  Thoy  ivere  then  taken,  by 
13  of  coadoctiiig  vires,  to  a  hattcry  placed  inside  the 
,,  conBisting  of  fifty  jars.  In  this  way  Mr,  Crosae  £re- 
tly  collected  sufficient  eleotiicity  to  charge  and  discharge 
lattory  twenty  times  in  a  minute,  wth  . 
rts  0M  loud  aa  those  from  n  good-sized 
on.  When  the  middle  of  the  thimder- 
1  was  over-hoad,  he  was  often  cnnhlcd 
so  into  red-hot  balls  30  feet  of  iron  wiro 
ino  length,  and  ^tJ-jth  of  an.  inch  in 
irter;  and  a  craBking  stream  of  dis- 
ges  took  plaoe  between  his  !ai^  brass 
.,  the  etfect  of  which,  he  says,  "  mast  be 
lesscd  to  be  conceived  possible." 
;  is  curiously  iHustrative  of  the  economy 
iiture,  that  the  sharp  points  of  the  vege- 
j  kingdom  are  more  powerfully  attractive 
ectricity  than  the  sharpest  point  of  metal 

can  bo  made  by  man's  ingenuity ;  for  if 
;ce  of  pointed  iron  and  a  blade  of  gross 
eld  near  to  a  prime  conductor,  so  that 
point  becomes  luminous,  and  then 
.uatly  be  drawn  back,  the  iron  will  lose 
nminosity  long  before  the  point  at  the 
s.  The  sensitivonesa  of  the  point  of  "''''  "^' 
ade  of  grass  may  bo  aeon  ia  any  part  of  aa  apartment 
re  electricity  is  being  cTolred.  Instances  have  been  ob- 
ed  in  greoa-hotises  where  two  pointod-lcavod  ])!anta  have 
ired  another  plant  and  drawn  from  tie  air  all  the  adjacent 
tricity,  by  which  the  more  humble  and  less  prickly  ]il|iat 
he  shade  has  perished,  solely  {rata  want  of  this  vital  prin- 
;.  This  is  another  instance  trf  the  singularly  carol'ul 
ngement  of  the  entire  mechanism  of  nature, 
ho  aurora  borealis  or  northern  light,  that  so  magnificently 
nines  tho  Polar  heavens,  k  admitted  without  hesitation  to 
;n  oleetrical  phenomenon,  as  eJectriciuns  can  most  buocoss- 
Y  imitate  it  on  a  small  scale.  It  probably  consists  in  tho 
ting  of  electnoity  through,  a  rarofi-od  atmosphere  at  somu 
;ht  from  the  earth's  sui'fiice.  Poor  Franklin  found,  from  ob- 
utioaa  made  at  the  north  pole,  that  the  aurora  was  at  a  less 
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acta  upon  them  unequally,  an  electrical  condition  La  produced, 
one  becoming  positive,  the  other  negative.  Upon  this  depends 
the  production  of  voltJuc  electricity. 

Swammerdamj  who  devoted  himself  to  the  anatomy  of 
insects,  in  167S,  two  yeaia  previously  to  his  death,  oshibited 
before  the  Grand  Duke  of  Tuscany  an  experiment,  showing 
the  contraction  of  a  muscle  by  bringing  a  nerve  connected  with 
it  in  contact  with  a  silver  and  copper  wire.  The  sensation 
and  peculiar  saline  taste  that  results  from  placing  on  the  tongue 
a  piece  of  silver,  and  under  it  a  piece  of  lead  or  zinc,  whenever 
the  edges  of  tho  metals  ore  bronght  into  contact,  was  described 
in  a  work  by  Sulzor,  entitled  the  '  General  Theory  of  Ploaaure,' 
published  in  1767. 

These  circumstances,  however,  did  not  at  the  time  lead  to 
farther  investigation.  To  the  famous  Galvani,  Professor  of 
Anatomy  in  the  University  of  Bologna,  is  due  all  the  merit  of 
the  great  discovery  to  which  the  researches  of  his  predecessors 
might  have  led. 

Arago  writes,  "  It  may  bo  proved  that  the  immortal  dis- 
covery of  the  galyanie  pile  arose  in  the  most  immediate  and 
direct  manner,  from  a  slight  cold  with  which  a  Bolognese  lady 
-was  attacked  in  1790,  and  for  which  her  physician  prescribed 
tho  use  of  frog-broth."  Tho  'Encyclopedia  Britanniea'  states, 
"  When  ono  of  Galvani's  pupils  was  using  an  electrical  machine, 
a  number  of  frogs  were  lying  skinned  on  an  adjoining  tahio 
for  tho  purpose  of  cookery.  Tho  machine  being  in  action,  the 
young  man  happened  to  touch  with  a  scalpel  the  ncrvo  of  a  leg 
of  one  of  the  frogs,  when,  to  his  great  surprise,  tho  leg  was 
tiirown  into  violent  convulsions."  Dr.  Lardner,  after  giving 
the  uaually-received  account  of  Galvani's  discovery,  writes, 
"  This  was  the  first,  but  not  the  only  or  chief  part  played  by 
chane*  in  this  great  discovery,  Galvani  was  not  familiar  with 
electricity;  Inokily  for  the  progress  of  science,  ho  was  more 
an  anatomist  than  an  electrician,  and  beheld  with  sentiments 
of  unmixed  wonder  the  numifestation  of  what  he  believed  to 
be  a  new  principle  in  the  animal  economy ;  and  fired  with  the 
notion  of  bringing  to  light  the  prosimate  caiise  of  vitality, 
engaged  with  ardent  enthneiasm  in  a  course  of  experiments  on 
tho  effects  of  electricity  on  tho  animal  system.  It  is  rarely 
that  an  example  ia  found  of  tho  progress  of  science  being 
£iToured  by  the  ignorance  of  its  professors.     Chance  now  again 
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cnmo  upon  the  stage.  In  tho  coarse  of  his  reararclMS  ke  M 
oL-vuBion  to  sc'parate  the  legs^  thighs,  and  lower  put  rf  tk 
IxmIv  uf  tlie  fn>g  from  tho  remauidcTy  so  as  to  lay  hue  the 
himbar  nerves.  Having  the  members  of  seneral  fitigs  tiuu 
dissected,  he  passed  copper  hooks  through  part  of  tiie  dond 
column  which  remained  above  the  jimction  of  the  thig^  Ik 
the  convenience  of  hanging  them  np  till  ther  might  bereqisM 
for  the  puri)060  of  experiment.  In  this  maimer  he  bappani 
to  suspend  several  upon  the  iron  balconv  in  fitmt  of  ks 
lalioratory.  when,  to  liis  inexpressible  astonishment,  the  limb 
were  thrown  into  strong  convulsions.  No  electrical  nutduv 
was  now  present  to  exert  any  influence.'' 

How  satisfactorily  circumstantial  are  the  perticulan  giva 
in  relation  to  the  great  discovery,  and  worthy  the  impoftanee 
of  tho  subject!  I1ic  frog-broth  and  pupil  with  his  soi]^ 
form  admii-able  subjects  for  the  artist's  pencil ;  they  at 
romantic  details  that  cling  to  the  imagination.  Then  hoi 
emiable  to  laborious  genius,  that,  instead  of  days  and  m^ 
of  study,  years  of  experiments,,  varying  in  success  and  diBB$* 
pointment,  yet  filled  with  hope  from  occasional  gHmmeiingBii 
truth,  and  a  firm  conviction  lending  energy  to  perBeneraafier- 
that  cJiance  should  save  all,  and  present  at  once  a  fact  to  in- 
mortalize  the  obsciTcr  I  This  is  a  lesson  of  modem  times  the 
should  render  us  cautious  of  all  history,  as  the  entire  acconS 
is  a  fable.  Cialvani  was  long  and  ardently  a  student  in  ele^ 
trical  science  :  so  devoted  was  he  to  the  subject,  so  absoihed 
in  the  discovery  of  its  mysteries,  that  self  was  forgotten,  and 
in  his  enthusiasm,  in  17^6,  he  grasped  in  his  hands  the  rod  of 
an  insulated  atmospheric  conductor  at  the  very  time  whtt 
lightning  was  darting  from  the  clouds  directly  over  his  heii 
fortunately  for  science  and  for  himself,  the  rash  and  daiii^ 
experiment  was  unattended  by  a  fatal  result. 

It  is  on  record  that,  twenty  years  before  the  publication  rf 
his  *  Commentary,-  Galvani  was  engaged  in  experiments  « 
electricity,  and  that  he  used  the  nerves  of  a  fix^  from  finding 
them  the  most  delicate  test  even  of  atmospheric  electricity. 

Dr.  Wilkinson,  of  Bath,  in  his  '  Elements  of  GalvamA,' 
published  in  1804,  proved  this  discovery  of  Galvani  to  he 
correct ;  and  he  calculated  that  the  irritable  mnsdes  of  a  finig's 
leg  were  no  less  than  56,000  times  more  delicate  as  a  test  of 

iricity  than  the  most  sensitive  condensing  electzoaieto. 


He  found  that  two  pieces  of  zmc  and  silver,  each  presentiiig  t 
GUperficial  surface  of  y^  indi,  produced  Tiolent  coutractioiis 
in  the  leg  of  b.  prepared  frog ;  whilst  two  circular  plates  of 
ainc  and  copper  required  to  be  brought  twenty  times  in  oon- 
tact  with  the  condenser  before  any  sensible  divergenoo  of  the 
gold  leavoa  of  nn  okctrometor  was  produced.  By  compaiiTig 
the  area  of  these  plates,  multiplied  hy  the  number  of  contacts, 
with  the  EuperSciol  surface  of  the  nuQiito  pieces  of  ziac  and 
nlvcr  employed  to  affect  the  frog's  leg,  he  arrived  at  the  above 
cuuclusion. 

Professor  llatteucci  has  folly  corroborated  this  experimon^ 
and  availed  himself  of  it  by  coustructing  a  fivg  galvanostope. 

In  the  collection  of  Galvani's  works,  recently  published  by 
tho  Academy  of  Sciences  of  Bologna,  his  '  Expeiimenta  on  tha 
Eleettieity  of  Metala'  are  dated  September  20,  1786.  Hi* 
other  scientific  essays  on  his  various  discoveries  are  numerous. 
It  was  not  until  the  year  1701  that  the  discovery  of  what  is 
tenned  galvanism  was  published  to  the  world  by  its  author. 

Oalrani  showed  that  if  a  metallic  ore  bo  constnicted  of  two 
different  metak  joined  together,  and  one  extremity  of  it  touched 
the  nerves  and  the  other  the  mu&clcs  of  a  frog,  a  coutractiott 
or  convulsion  took  place ;  that  the  metals  used  shoidd  bo  those 
leest  liable  to  oxidation ;  and  that  in  the  experiments  the 
electrical  machine  was  unnecessary. 

The  Voltaic  Balttry. 
The  amiounocincnt  of  the  diacoveriea  by  fialvani  aroused 
^e  attention  of  scientific  men  all  over  the  world,  who  repeated 
the  ospcrimcats  of  the  Bolognesc  philosopher.  Amongst 
others  was  Volta,  who  for  thirty  years  occupied  the  chair  of 
Natural  Philosophy  in  the  University  of  Pavio,  and  whom 
Napoleon  did  himself  the  honour  to  creato  a  count  and  senator. 
Volta  combattd  the  opinions  of  Gal  van!  as  to  tho  different  porta 
of  an  aniraai  being  in  opposite  states  of  electricity,  which  the 
applicutioa  of  the  metallic  arc  restored  to  an  equihbrium.  He 
considered  that  tiie  motalHc  arc  developed  electricity  which 
irritated  the  nerves,  sometimes  producing  the  sensation  of  light 
or  taste,  sometimes  exciting  contractions.  In  August  1790 
he  discovered  that  which  has  rendered  his  name  immortal,  the 
Voltaic  Pile,  a  description  of  which  was  published  in  1800, 
in  the  '  PhJlosophical  Transactions.'    It  con&iets  of  alternate 


Isjen  of  nirer  or  copper  and  zinc  plates  Biranged  in  ngnlu 
onler,  one  nbore  another,  witb  moistened  flannel  or  pntebdud 
between  each  pair.  By  wetting  the  flannel  or  posteboaid  with 
Bait  and  truter,  the  strength  of  the  tihocb,  vhich  is  felt  oi 
moistening  the  fingen  and  touching  each  end,  is  increased. 

De  Luc  formed  what  is  called  an  electric  column,  or  irj 
pie ;  this  consisted  of  small  ronnd  pins  of  silTer,  sine,  nd 
paper,  placed  alternately.  About  a  thonsaQd  of  these  braf 
lnBeri«d  in  a  dry  glass  tube,  a  brass  cap  at  each  end  bctsvb 
them  np  tight.  The  centre  of  the  pile  is  neutral,  bat  the  endi 
are  in  opposite  electrical  conditions.  The  late  Mr.  Seigtf 
improTcd  upon  this  by  placing  together  about  twenty  thonsanj 
series  of  silver,  zinc,  and  double  discs  of  writing-paper ;  frat 
this  bright  sparks  could  be  produced,  thiit  wire  melted,  aitd 
shocks  received. 

Many  valuable  and  important  improvements  in  the  con- 
strnction  of  tho  apparatus  for  generating  voltaic  power  hm 
been  mado  by  Cruickshank,  WoUoston,  Daniell,  Smee,  Gian, 
and  Bunscn,  but  the  details  'would  occupy  too  mach  space  to 
describe. 

The  general  principle  of  Cniickshank's  battery,  howeva, 
consiats  in  having  a  wooden  trough  lined  with  pitch,  into 
grooves  of  which,  cut  in  the  sides,  are  placed  in  an  upright 
position  metallic  plates  of  zinc  and  copper,  and  alternately,  of 
any  dimensions, — and  between  each  division  is  poured  sn 
exciting  liquid  consisting  of  diluted  acid.  The  copper  plate  of 
ono  cell  is  connected  by  a  wire  with  the  zinc  plate  of  the  neit, 
in  all  A'oltaic  batteries.     From  each  end  proceeds  a  wire,  which 

Tig.  .130. 
from  tho  zinc  end  of  tho  trough  conducts  positive,  from  the 
copper  end  negative  electricity  (iig.  330), 


THE  VOLTAIC  lAnEST. 

Frietional  or  machine  electridty  is  remarkable  for  JnUniitij ; 
list  is  to  say,  it  has  great  power  in  overooming  obstacles,  and 
restores  its  equilibrium  witb  a  vivid  spark.  To  produce  a 
krge  spark,  a  very  large  voltaic  battery  is  needed.  However, 
in  quantity,  the  voltaic  I'orm  of  electricity  far  excels  the  other. 
The  term  quantity  signifies  thei>owcr  of  causing  chomical  change 
or  decomposition.  This  is  exerted  to  a  very  small  extent  by 
the  electrical  machine,  but  most  powerfully  by  the  voltaic 
battery.  Anotbar  difference  between  the  frietional  and  voltaic 
electricities  is  found  in  the  amtinucus  action  in  the  tatter.  The 
terminations  of  the  wires  form  the  pohs  of  the  battery ;  as 
soon  as  they  are  brought  in  contact,  a  slight  spark  restores 
electric  eqiulibrium  for  the  moment,  bnt  this  is  immediately 
disturbed  by  the  continuance  of  the  chemical  action  in  the  oells, 
BO  that  spark  follows  spark  apparently  without  intormisBioa. 
This  continuons  action,  so  unlike  the  momentary  discharge  of 
the  Mction-machino,  is  colled  the  current.  It  may  produce  B 
notable  effect  without  possessing  a.  sufficient  intensity  to  cause 
a  visible  spark. 

It  is  found  by  experience  that  the  intensity  of  the  electric 
force  is  not  increased  by  enlarging  the  size  of  the  plates;  which, 
however,  adds  to  the  quantity  of  electricity  excited.  Thus,  a 
few  largo  plates  are  used  to  effect  chomical  decomposition,  and 
B  number  of  small  plates  to  produce  a  spark,  electric  shock,  &c. 

"Wollaaton's  voltaic  battery  (fig.  331)  consists  principally  ia 
thearrangement  of  doubling 
the  copper  plates  c  c  e,  so  as 
to  expose  them  to  bolh  sur- 
faces of  the  zinc  bbb.  The 
plates  are  screwed  to  a  bar 
of  wood  a ;  pieces  of  wood 
or  cork  are  placed  between 
the  zinc  and  copper  surfaces 
to  prevent  their  contact; 
they  are  then  placed  in  a 
trough. 

To  keep  the  battery  in 
perfeet  action,  it  will  be 
necessary  from  time  to  time 

oxide  which  accnmnlates  upon  thoii  surfaces ;  brushing  them 
over  witb  a  little  muriatic  acid  or  nitrate  of  mercury  will 


Fig,  331. 
)  clcnnae  the  zinc  plates  from  the" 
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ELECTEOLTSis,  OE  foiauc 

reipeet  to  tiie  Uieory  and  action  of  the  voltaic  battery.  It  is  n 
our  intention  to  enter  into  these.  We  proceed  to  glanee  at ' 
more  important  jiractical  appliuitions.  some  account  of  whi 
may  claim  a  place  eren  in  an  etcmcntary  work. 

Eleetrahjsis,  or  Yoltaie  Decomposition. 

It  has  been  shown  experimentally  by  Faraday  and  others, 
tiat  voltaic  electricity  imauasurahly  anrpasaes  that  of  the 
glass  mochiae  in  \ta  power  of  caosing  chemical  decompo^tioii. 
Thus  an  amoimt  of  friction- electricity,  eufficient,  when  dis- 
charged, to  kill  a  small  animal,  had  to  be  multiplied  800.000 
times  before  it  would  decompose  a  sii^le  drop  of  water. 

(Chemical  decomposition  produced  by  the  voltaic  battery  is 
called  electrolysifi.  Its  amount  has  a  relation  to  the  size  of 
the  plates  in  the  battery,  and  the  amoimt  of  chemical  action 
going  on  in  the  cell.  ITie  substance  must  be  in  the  liquid 
•tote,  or  dissolTed  in  a  liquid,  before  it  can  be  decomposed  by 
passing  the  galvanic  current  through  it.  The  particles  must 
be  capable  of  ready  motion  and  transference.  The  decomposed 
compound  is  arranged  into  two  parts,  one  of  which  is  collected, 
or  evolved  (if  a  gas),  at  one  pole  of  the  magnet,  the  other  at 
the  other.  ITiifl  tdtoe  place  in  a  decomposing  cell  where  are 
the  two  poles  of  the  battery,  which  may  terminate  in  two 
metal  (platinum)  plates.  The  one  which  corresponds  with 
the  idnc  in  the  other  eclla  is  the  positive  polo,  the  one  answer- 
ing to  the  platinum  the  negative  p<de.  When  water  is  acted 
on,  hydrogen  gas  bubbles  up  at  the  negative,  and  oxygen  at 
'the  positivie  pole.  If  an  alkali  bo  decomposed,  its  metal 
nppeaw  at  the  same  |wle  as  the  hydrogen.  It  was  thus  by 
means  of  tlio  galvanic  battery  that  Davy  in  1807  was  enabled 
to  announce  the  great  discovery  thnt  the  alkalies  were  metallic 
oxides,  nu  aunouccement  that  opened  out  a  new  era  for 
chemical  sdence.  Chlorides  and  iodides  of  the  metals,  and 
mctnUic  salts  are  all  in  this  way  decomposed  with  various 
focility,  the  metal  going  to  the  negative,  the  element  or  com- 
poond  combined  with  it,  to  tJie  positiyc  pole  of  the  decomposing  J 
cell. 

Bodies  which  arc  capable' of  being  thus  dccompoaed  by  tl 
votbdc  current  are  called  ehetroltfUs, 

The  arrangement  of  different  bodies  at  diflcrent  ends  a 
vires  commumcating  with  Hie  battery  is  shown  in  the  ibll( 


XLXCTHICIIT. 

idmple  experiment:  if  a  gloss  tubo  bent  m  the  form  of  the 
letter  V  be  fUlcd  with  dtsdUed  water,  and  corked  at  each  end, 
if  thea  two  pieces  of  platinum  wire  be  passed  through  the  corls 
and  allowed  to  reach  within  an  inch  or  two  of  cacli  otherin 
the  tube,  and  the  other  ends  of  the  wires  connected,  the  me 
vitb  the  positive  and  the  other  at  the  negative  end  of  the 
battery,  a  continued  stream  of  bubbles  of  gas  will  proceed  from 
th.8  negative  wire  to  the  end  of  the  tube,  and  will  bo  found  to 
bo  hydrogen  or  inHammable  gas,  and  that  from  tho  posittTO 
wire  will  accumulate  at  the  other  end  of  tho  tube  aad  be  pore 
oxygen. 

From  Daiy'a  paper  in  the  '  Philosophical  Transactions,'  on 
"  Some  Chemical  Agencies  of  Electricity,"  we  (jtiote  the 
foUowii^  interesting  experiment  on  tho  passage  of  adds; 
alkalies,  &c.,  by  the  influence  of  the  electric  current,  throngh 
solutions  of  other  substances. 

"  An  arrangement  was  made,  condsting  of  three  vessels  (fig; 
333)  containing  as  many  different  Adds ;  a  solution  of  sulphstt 
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Fig,  333. 
of  potash  was  placed  in  contact  with  the  negatively  clcctrififd 
point  N,  pure  water  was  placed  in  contact  with  the  positiTeh 
electrified  point  i;  and  a  vreak  solution  of  ammonia  was  rnadi 
tho  middle  link  of  the  conducting  chain,  so  that  no  sulpbniit 
acid  could  pass  to  the  positive  point  in  tho  distilled  Vita 
without  passing  through  the  solution  o£  ammonia  ;  the  tlint 
glasses  were  connected  together  by  pieces  of  amianthiiB.  i 
power  of  150  pairs  was  used  ;  in  less  than  five  minutes  it «« 
found,  by  meana  of  Utmns-papcr,  that  acid  was  collectiw 
round  the  positive  point ;  in  half  an  boiu-  the  rcBult  waa  suffi- 
dentiy  distinct  for  accurate  examination. 

"  ITio  water  was  sour  to  the  taste  and  precipitated  a 
of  nitrate  of  barytes. 

Similar  espcrimcnta  were  made  with  solution  of 


weak  Bolutions  of  pot«fili  and  eoda,  in  place  of  the  amrooi 
and  the  reenlta  were  analogous.  With  atrong  aolutiona 
potash  and  aoda  a  much  longer  time  was  required  for  the  ex- 
hibition of  the  acid ;  but  even  with  the  moat  aaturated  alkaline 
lixivium,  it  alwaya  appeared  in  a  certain  period.  Muriatic 
acid  from  muriate  of  aoda,  and  nitric  acid  from  nitrate  of 
potash,  were  transrdtted  through,  concentrated  alkaline  men- 
strua under  aimilar  cironmstaneeB,  When  distilled  waterwas 
placed  in  the  negative  part  of  the  circuit,  and  a  solution  of 
Bulphurie,  muriatic,  or  nitric  acid  in  the  middle,  and  any 
neutral  salt,  with  a  base  of  lime,  aoda,  potash,  ammonia,  or 
magnesia,  in  the  positive  part,  the  alkahne  matter  was  trans- 
mitted through  the  acid  matter  to  the  negative  eurfaoo,  with 
similar  circumstances  to  those  occurring  during  the  passage  of 
the  acid  through  alkaline  jnenstrua  ;  and  the  less  concentrated 
the  solution,  the  greater  seemed  to  be  the  faculty  of  trans- 

Those  and  aimilar  experiments  excited,  when  first  promul- 
gated, the  utmost  astonishment  in  the  scientific  world. 

During  the  decomposition  of  tho  water  by  the  voltaic 
current,  a  powerfiil  phosphorous -like  odour  is  evolved,  which 
haa  received  the  name  of  ozont.  The  evolution  of  this  matter, 
an  allotropic  form  of  oxygen,  although  long  recognized  during 
the  action  of  the  common  electrical  machine  by  its  odour,  the 
cause  of  the  formation  of  this  pecuhar  body  waa  onlj"  lately 
traced  by  Professor  Schonbein  of  B&le.  The  substance  ia 
evolved  under  many  other  circumatancos,  aa  when  a  stick  of 
phosphorus  is  allowed  to  remain  for  a  short  time  in  a  large 
glass  bottle  full  of  moist  air ;  or  still  better,  by  placing  a  little 
ether  in  a  large  glass  bottle,  and  then  holding  in  it  a  previously 
heated  glass  rod,  so  as  to  reach  nearly  to  the  surface  of  tha. 
ether.  Ozone  is  a  most  energetic  oridozing  agent :  a  piece 
silver  leaf,  on  being  exposed  to  its  influence,  crumbles  alm( 
imraodiatelyinto  oxide;  itisalsoa  most  remarkable  deodoiizer, 
almost  instantly  removing  the  offensive  smell  evolved  by  a 
piece  of  tainted  meat.  Ozone  frequently  esista  in  the  aimo- 
sphere,  especially  in  the  lur  blowing  from  the  eea,  and,  in  all 
probability,  playa  a  most  important  part  in  the  laboratory 
nature.     It  acts  on  iodide  of  potassium,  tike  chbrinc,  settil 
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rii<  Cud  Ma4AlM. 

That  the  roJtsic  cnrnnit  is  capable  of  caoanj; 
don  of  the  muacnliir  tiasaes  of  &aimak  under  certain  dreoMr- 
Maawt,  was  diaoorcnd  from  the  first  by  Galrasi.  Contraciiat 
may  bo  csoaed  in  the  limb  of  a  psmlytic  padont  by  the  cunot 
at  aa  ordinary  battery.  Sat  to  exix&e  a.  thock,  or  pow<l^ 
impression,  tLi<  intensity  of  the  galvanic  (dectrieity  mu^  be  \s 
some  mumer  augmented.  This  may  be  ej^ted  by  causing  it 
to  pass  along  a  MirnddtM^blc  length  of  wire  around  a  "iTpBf^ 
is  the  centre. 

The  Eleetro-maffnttK  Coil  MaehiM  is  used  as  a  r^nedid 
agent  in  the  treatment  of  many  forms  of  chronic  disease.  A 
weak  rarrent  must  in  all  be  begun  with,  and  gradualijr 
increased  in  strength  as  the  patient  ctaecs  to  be  affected  bj 
it ;  the  best  form  fur  administering  the  gah-amsm  i»  by  tw 
agtmcy  of  such  a  combinatioii,  as  is  hero  represented  { %.  384). 
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thrcrwB  on  sni  eats  tdl  the  deetrie  emrent  from  &e  coil,  and 

n  rapid  series  of  shocks  may  tlins  be  eomnnmiicated  to  a  padent, 

b^g  directed  thran^  any  paif  of  fats  body  by  means  of  the 

sponge  dirceton  ^tawn  lying  base  in  Ok  fSgme. 

In  B^thnJuir^t  ApparatvM. 

1^  Bnhmborif,  a  philoiiTfihical  instmment-maker  at  Paris, 
(AmtriTOd,  h^  the  Bpplicatiini  of  n^eQ-kaoini  principles,  and 
ft  new  combination  and  Milargeinent  of  the  indnction  coil,  to 
produi-e  from  Tohoic  electricity  •cme  of  the  most  beantifQ]  effects 
of  the  electric  enrrent  eidtcd  by  a  v»iy  powerful  machine,  and 
thus  to  show  most  clearly  the  identity  of  the  force  excited  by 
friction  and  by  chemical  action.  The  apparatna  consists  of  a 
primary  coil  of  copper  wire,  round  which  there  ia  wound  a 
large  qnandty  of  finer  covered  wire ;  and  bj  sanding;  a  voltaic 
current  throi^h  the  first  Boil,  electricity  is  induced  in  the 
second,  though  no  portJon  of  the  voltaic  current  passes  through 
it.  This  "  secondly  cmrent,*'  as  it  is  caUed,  poBseHeea  iin  lu- 
tansity  resembling  that  excited  by  tho  electrical  machine, 
Enhmkorff's  apparatus  may  be  described  in  a  few  word*,  aa  a 
greatly  enlarged  medical  coil  maebine.  The  flood  of  electricity 
developed  by  this  apparatus  is  enhihiled  in  many  beautiful 
esperimenta.  For  a  sueoeBBful  exhibition  of  tho  f^^"™'^"^ 
«f  tho  machine,  it  ia  requisite  to  employ  a  dark  r^'"" 
be  provided  with  an  efficient  air-pump. 
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Experiment  1.  The  globe  here  represented, 
exhausted  of  air.  is  attached  to  the  apparatos  as  at  fig.  335 
(No.l),  when  a  beautiful  faint  blue  light  is  apparent  on  one  of 
the  knobs  and  wires.  Upon  turning  the  piece  ▲  (No.  3),  tbe 
light  appears  on  the  other  knob  and  wires.  In  tins  con£tiai 
unscrew  the  globe  at  s,  and  place  it  over  a  large  bottle  omtai- 
inga  little  alLvhi*!.  spintts  of  turpentine  or  naphtha,  and  aOiv 
the  air  and  vapour  of  the  spirit  to  enter  tbe  globe ;  let  tim 
be  rarefied  to  the  utmost  by  having  recourse  to  the  air-pof^ 
and  again  attach  the  globe  to  the  apparatus,  when  it  pRsenli 
the  appearance  of  being  fiiU  of  a  beautiAil  coloured  la^jbL 
varying  according  to  the  spirit  employed,  each  being  strati 
or  in  a  circular  form. 

Experiment  2.  Place,  as  in  No.  4,  two  v€ry  thin  iron  wim 
li\'hen  these  are  held  close  to  each  other,  as  represented, 
light  passes  from  one  to  the  other.  The  wire  fin>m  wind 
the  light  passes  remains  cold,  the  other  becomes  so  hot  thatib 
end  meJti  into  a  l-nob.  It  appears  as  if  all  the  light  mi 
emitted  from  one  end,  and  the  heat  firom  the  other.  In  ik* 
experimenting  care  must  be  taken  to  hold  only  one  wire— fte 
cold  one  ;  it  must  be  held  close  to  the  other.  InattentiflB  to 
this  caution  will  result  in  a  most  severe  shock. 

Experiment  0.  Remove  the  break.  Attach  two  wires  to 
XX  (Xo.  5).  Hold  these  so  as,  at  pleasure,  to  complete  aid 
interrupt  the  galvanic  circle.  Other  two  wires  are  attadiel 
at  p  p,  their  ends  being  about  -|  of  an  inch  asunder.  THwl 
the  current  is  closed  or  broken  at  a  a,  a  spark  passes  betweei 
B  and  B. 

Experiment  4.  Having  held  a  glass  plate,  8  or  9  inches  il 
length,  over  hot  water,  so  as  to  cover  it  with  vapour,  place  the 
points  B  B  (No.  7)  on  the  glass  at  7  or  8  inches  distance,  d 
closing  the  circuit  at  a  a  (No.  5),  a  long  zigzag  spark,  Kb 
forked  lightning,  passes  between  the  points  b  b. 

Experiment  5.  Take  a  gilt-edged  book,  as  represented  No.  6; 
place  the  ends  of  the  wire  b  b  (No.  6)  at  the  points  b  b  (No.  5); 
upon  closing  the  current  at  a  a,  the  whole  of  the  gilding  of  ttl 
book  appears  beautifully  luminous. 

Experiment  6.  Place  some  very  fine  copper  filings  upO 
paper,  and  allow  the  ends  of  one  of  the  wires  b  b  (No.  2)  to 
approach.  Connect  the  wire  a  a  permanently,  llie  coj^ 
filings  will  be  attracted  from  the  paper  by  one  of  the  isM 
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B  B,  to  B  hoght  of  necrij  half  an  meb,  wliilBt  \h»  vtlMr  ir» 
i^xerts  no  rach  influence. 

Ezpenment  7-  Sabotitate  powdered  plojatrnga  m^Msii 
the  copper  filiofrs,  a  decided  instance  of  rapulaiui 

Ezprarimeiit  9.  Supiwee  Mo.  7  to  be  «  glass  Mbf  rrf 
fijtfa  of  &n  inch  in  calibre,  and  aboat  IS  inch'-     ' 
iJktinuin  vires  b  b  aecarelj  fastened  into  boiL 
portion  be  drawn  oat  OS  Bt  a,  and  mercury  inf 
Hnialraction  of  a  wmiTion  tbermometer.    Boil  tJ 
it  is  newlyall  Mpdled.when  the  tube  ia  to  be  sealed 
Taenninthnsobtained  light  will  be  seen  to  pass  &om< 
wire  to  the  other,  on  connecting  the  tube  with  the 
in  No.  1.     Instead  of  connecting  both  wireB.  if 
only  is  attached,  and  the  tabe  be  tonched  with  the 
the  light  will  pass  from  the  bottom  up  to  t,  bat 
If  the  hand  be  lowered  to  *,  the  light  will  stay  at 

An  Englishman,  Mr.  Hearder  of  Portsmoath,  a  b, 
sopbcr,  socceeded  aboat  the  ^ame  time  Buhmkorlf  wafi 
in  the  constmctioii  of  his  machine,  is  makiD;;  an  injjtiuart 
on  a  somewhat  eiiiular  prindple,  but  capable  of  pntdiMf 
still  more  wonderfal  results;  the  «oet  of  which  ^vaa  oonaidr 
ably  less  than  Bohmkorff's. 

Stratifieatums  and  Dark  Bandt  m  Etfttrieal  DitehttrgVit 
observed  m  Torriceltiaa  Vacuums. 

Sir.  Gflflfliot,  by  following  out  the  princifiles  indicated  If 
Mr.  Welah,  that  of  carefully  removing  all  trsce  of  motstinVi  A 
thoroughly  cleaning  the  tabee  before  introducing;  the  mofBA 
succeeded  in  obtaining  TnmVpHinn  Tucniims  tchich  y^A 
stratifications  in  a  unitbrm  and  very  marked  manner. 

The  sealed  tabes  generally  used  Ly  Mr.  Uaesiot  ars 
ol  the  usual  glass  tubing,  aboat  an  inch  internal 
and  varying  from  10  to3S  inches  in  length.     In  thelattertM 
the  platinum  wires  are  about  32  inches  apart.     One  rf^ 
tubes  made  by  Mr.  l^dd  for  Mr,  Gastdol  is  5  feet  3  in^flS 
length,  with  wires  4  feet  9  inches  apart. 

With  a  tube  prepared  on  Mr,  Webh's  principle,  and  Ik 

usual  sized  Ruhmkorff's  induction-coil  escited  by  a  einglB  mB 

of  Grove's  nitric  acid  battery,  with  orwithout  a  condeaeer,^ 

phenomena  of  the  stratified  discharge  can  be  seen  and 

with  e&Ee,  and  without  the  trouble  and  oncertain  maaipnli- 


eTEATi?rciTici!f8  nr  tokkichleiak  vacuums. 

tion  of  aa  air-pump,  or  tho  nrnplo^oat  of  pbosphoi 
other  vapoars. 

If  tho  discharges  are  made  in  one  direction,  a  black  deposit 
takes  place  on  the  side  of  the  tube  nearest  the  negative  ter- 
minal. This  deposit  is  platinum  in  a  state  of  minute  division 
emanating  &om  the  wire,  which  become:)  black  and  rough  aa 
if  corroded.  The  minute  particles  of  platinum  are  deposited 
in  a  lateral  direction  from  tho  negative  wire,  and  consequently 
in  a  different  manner  &om  that  described  as  occurring  in  the 
voltaic  arc  (De  la  Eive's  '  Electricity,'  vol.  ii.  p.  288),  so  that 
the  luminous  appearance  of  the  discharge  from  the  induotion- 
machine  can  in  no  way  arise  from  the  emanation  of  partielea 
of  the  metal. 

A  series  of  experiments  made  in  the  apparatus  first  pre- 
pared, by  which  the  mercury  ia  lowered  or  raised  in  the 
vacuum  tube,  gives  a  peculiar  appearance  when  the  mercury 
is  made  either  positive  or  negative.  In  some  instances,  and 
particularly  when,  instead  of  wires,  platinum  balls  ith  of  an 
inch  in  diameter  are  used  for  terminals,  the  stratificationa 
instantly  cease  when  the  moroury  rises  above  the  negative 
hall;  but  when  the  pole  of  a  magnet  is  presented  to  the 
positive  ball,  the  stratifications  are  drawn  to  tiie  length  of  tw< 
or  three  inches  down  the  tube. 

In  the  sealed  tubes  the  etratified  discharge  is  obtained  by' 
frietional  electricity  ;  and  if  a  charged  Leyden  jar  is  discharged 
through  tho  vacuum  by  a  wet  string,  the  stratifications  ai-e  as 
distinct  as  &om  the  induction  coil. 

By  a  single  disruptive  discharge  of  the  pnmaiy  current  es- 
tited  by  a  single  teU,  the  entire  tube,  whatever  may  be  its 
length,  is  filled  with  stratifications  aa  far  as  the  dark  band 
near  the  negative  wire.  From  tluB  esperiment  Mr.  Gassiot 
ia  of  opinion  that  the  phenomenon  cannot  be  in  any  way  due 
to  the  vibrations  of  the  contact-breaker.  With  one,  two,  «f, 
three  cells  no  appearance  of  a  luminous  discharge  can  be  per<;' 
ceivcd  on  making  contact;  it  only  appears  on  brealong,' 
If,  however,  the  intensity  of  the  primary  current  is  increased 
by  using  ten  or  more  cells,  stratifications  appear  on  making  as 
well  as  on  breaking  the  contact  of  the  primary  circuit.  Those 
etrutificatio&B  are  always  concave  towards  the  positive  terminal, 
and  as  the  discharges,  on  making  and  on  breaking,  emanate 
from  diiferent  terminals,  their  couch vities  are  in  opposite  direO' 
2i2 
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tions,^ — a  fact  which  explainB  the  different  ways  in  wiiidi 
several  electricians  have  descrihed  and  figured  the  form  of  the 
diflchargo  with  the  coil.  These  stratifications  appear  in  quick 
BuccBBsion,  but  they  can  always  be  separated  in  any  part  rf 
the  tube  by  a  magnet. 

Under  certain  conditions  the  positive  discharge  assuniMl 
peculiar  form. 

The  pecnliar  difference  between  the  positive  and  n^atiit 
dischai^,  is  best  observed  in  an  apparatus  of  which  bcHi 
terminals  are  made  of  surfaces  of  mercuiy,  or  the  positive  i>f 
a  surface  of  mercury,  and  tho  negative  of  a  wire,  or  the  ifr 
verse.  In  this  apparatus,  also,  the  mercury  at  one  end  0 
he  elongated  3  or  10  inches.  When  the  mercury  is  negali^ 
its  entire  surface  is  covered  with  a  brilliant  glow  ;  when  poi- 
tive,  the  extreme  point  of  the  meremy  exhibita  intense  H^ 
but  the  remainder  of  the  surface  appears  unaflfeeted  by  fti 
discharge.  In  order  to  test  whether  any  signs  of  interfetHW 
can  he  detected,  a  tube  is  required  with  four  wires,  by  whi(4 
discharges  can  be  observed  when  taken  &om  separate  ooft 
■with  platinum  wires  hermetically  sealed,  as  in  tho  previoodf 
described  apparatus ;  but  in  no  case  did  any  sign  of  int«> 
ference  appear.  The  discharges,  whether  in  the  eamtt  or  a 
opposite  directions,  mingle;  the  stratifications,  having  a 
dency  to  rotate  round  the  poles  of  a  magnet,  and  obeying  tb 
weU-known  law  of  magnetic  rotations,  can  he  separatM  Ij 
either  pole. 

If,  instead  of  scaled  wires,  tinfoil  coatings  are  placed  <■ 
the  vacttum  tube,  and  the  coatings  are  attached  to  the  tarn' 
nals  of  the  induction- apparatus,  brilliant  stratificationB  imn 
diately  appear  in  the  portion  of  the  vacuum  between  S 
coatings,  but  without  any  dark  discharge.  On  approai^iitC 
a  powerful  magnet,  the  stratificatioJiB  divide  into  two  eqwl 
series,  in  which  the  bands  or  strata  are  concave  in  oppa^ 
directions. 

K  a  vacuum  tube,  with  or  without  wires  or  coatii^* 
placed  on  the  iaduction-coil,  or  on  the  prime  conductor  of  * 
electrical  machine,  stratifications  appear  which  are  dividBilf 
the  magnet.  Having  thus  ascertained  that  there  uo  tP 
distinct  forms  of  the  stratified  electrical  discharge,  M,  OmM 
for  tho  sake  of  clearness  of  expression,  terms  them  the  dinl 
and  the  induced  dischai^.    The  direct  dischai^  is  that  y^oA 


a  s  vacuam  when  taken  from  two  wires  henneticaDy 

■ein;  this  discharge  has  a  tendency  to  rotate,  as  a 
i,  roimd  the  poles  of  a  magnet.  The  induced  discharge  is 
tt  which  is  visihle  in  the  same  vacuum  when  taken  from 
letallic  coatings  attached  to  the  outside  of  the  tube,  or 
one  coating  and  one  wire ;  this  dischai^e  is  divided  by 
^  tho  magnet,  and  the  two  divisions  hare  a  tendency  to  rotate 
in  opposite  directions.  The  character  of  these  two  forms  of 
'"  electrical  discharge  ean  always  be  determined  by  the  magnet. 
** '  The  correlation  of  magnetic  and  electric  action  has  long 
"  unce  been  known ;  but  tho  cnrioiia  effect  of  the  power  of  a 
'  *  magnet  to  draw  out  the  stratifications  from  the  positive  ter- 
minal, and  in  some  instances  its  powerM  action  on  that 
'  portion  of  the  discharge  which  exhibits  the  phoaphoreBcent 
'""  light  in  its  greatest  intensity,  are  worthy  of  further  examina- 
■"  tion.  In  tho  preceding  experiments  Mr.  Gassiot's  object  was 
•"■  directed  to  the  examination  of  the  Btratifled  and  of  the  dark 
*  '  band  dischai^e ;  and  ho  is  inclined  to  believe  that  the  sfrati- 
^■^  fications  in  the  positive,  and  the  dark  band  between  it  and  the 
'  *  S^ative  glow,  although  apparently  similar,  arc  eftecta  arising 
"  from  distinct  cnuses — the  former  from  pulsations  or  impulaea 
"  of  a  force  acting  in  a  highly  attenuated  but  resisting  medium, 
''     the  latter  frvm  interference. 

^  Eleetfotyping  Process. 

*  By  one  of  those  singular  coinoidenoes  in  the  history  of  dis- 
coveries, which  have  been  fi«qaently  remarked,  Jacobi  of  8t. 

■•  Petersburg  in  1837,  and  Spencer  of  liverpool  in  1836,  an- 
nounced, what  the  former  called  Galvano-plastik,  and  the 

*"    latter  Electrography.     Although  there  exists  this  differene* 

of  date,  the  discoveries  weire  independent  of  each  other.     The 

■    art  is  now  named  electro-metallurgy,  of  which  electro-plating 

■•     IB  an  important  branch.     Mr.  Spencer's  invention  was  for  de- 

y-  positing  copper  on  metallic  surfaces,  by  using  a  slight  coating 
of  wax,  M.  Jacobi,  in  March  1840,  recommended  the  giving, 
by  means  of  plumbago,  a  conducting  surface  to  non-metallio 

—     eubatancos;  but  in  January  of  the  some  year,  Mr.  Mntraj 

'  ■      described  the  same  mode  in  this  country,  and  deservedly 

Kceived  the  alvor  medal  from  the  Societj-  of  Arts  for  a  die-  .^^^B 
rory  of  such  practical  importance.  ^^^^| 

^o  practice  of  electrotyping  from  this  period  took  its  nBet|^^^^| 
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ELBCTROXrPDfO  I>BOCEE 

ware  eontaiaing  the  solution  of  acid  and  water,  d  tlie  copper  ^ 

Bolution.     Tlie  aolution  is  first  poured  i 

then  the  add  wat«r ;  and  finally  the  wii 

with  the  mould  hanging  at  one  end,  is  a 

taohed   to   the    zinc.     Especial   care  must 

be  taken  that  the  shelf  ia  kept    auppliod  . 

with  ciyatala  of  sulphate  of  copper,  that  the  t 

quantity  he  not  too  small  proportionately  to 

tiie  zinc,  and  that  the  concentrated  port  of 

the  solution  be  not  allowed  to  crptollize  and 

remain  at  the  bottom. 

Fig.  338  is  another  arrangement :  a  is  the 
battery  ;  6  the  decomposition  cell  filled  with 
the  solution   of  sulphate   of  copper;    t,  f  ^ 
sheets  of  copper  to  furnish  a  supply  to  the  ^ 
moulda.    In  this  cell  the  solutions  are  poured 
in,  the  wire  d  connecting  the  copper  sheet 
and  the  copper  of  the  battery,  after  which  the  wire  c  from  the 
cine  to  the  moulds  is  fixed,  and  adj  usted  in  its  proper  position. 
The  chaining  liquid  is  a  mixture  of  one  part  sulphuric  acid, 
two  parts  saturated  solution  of  sulphate  of  copper,  and  eigl ' 
parts  of  water.     In  this  arrangement,  whoa  the  wires  are  coi 


^ 
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Fig.  338. 

neoted,  the  copper  from  the  solutio'n  is  deposited  on  the  mould, 
and  the  plate  of  copper  is  gradually  dissolved,  thus  sustaining 
tlie  strength  of  the  solution,  Esther  a  longer  time  is  required 
by  this  method  than  with  the  single  cell ;  two  days  will  gene- 
rally produce  a  medal  of  very  good  substance,  firm  and  pliable ;  i 
the  time  required,  however,  for  these  esperimenta,  depe 


it  eooU  aifybft  ■ 


pmd  cjne, 

it^  al6L  PMiPa  wiA  gdid,  if  it  e 

nter-^cb^,  viiidi  tbj  aOen  i>«daMd  is  Ham  i 

ennal  jBoce^  is  110*  cnlj'naed  {gr>QT«ciag  > 
may  be  n£^  prefcted  thit  tins  win  in  a  d 
■e^d  bj  cue  lesiigiiiiMB  to  faeslth. 

Ve  mart  not  onit  the  deacfqition  of  a  / 
SbOM^  fbr  deetrotjpiiig  pnrpoeea.     Flaics  of  g 
nqntied  bi^  obtuiied  GraoL  ^M-rttor^.  tn  i 

aiiztinv  rf  one  put  of  snlphnrie  aod  and  foar  parts  itf  « 

for  Kt  leaat  a  cmiple  of  days  and  ni^its.     Tbej  ore  then  liiprf  1 
in  vaterand  dried.     A  hole  is  then  drilled  in  ea>A  phttli  I 
leeeiTe  a  liret.    The  top  of  ^m  plate  is  then  vnnddHi  <■  I 
either  aide  of  the  riret-hde,  and  en  both  rides  of  dw  plM  I 
About  an  inch  in  width  on  both  odes  in  the  niddle,  hanngti  I 
rivet-hole  in  the  centre,  is  to  be  left  nnvainisbed.    EliLntii4jy 
copper  ia  now  to  be  depcieite<l  upon  the  part  that  is  left  mnh 
nished,  the  object  being  to  provide  a  Eor&ce  to  which  a  oca- 
nesting  slip  of  copper  can  be  soldered.    A  slip  of  c«ppa-  aboot 
an  inch  in  width  is  then  prepared  and  entirely  tinned.    Ttt 
copper  tiiat  has  been  deposited  on  the  graphite  plate  is  timid 
in  Hke  manner.     The  object  of  this  is  to  preeem  the  ccfptr    I 
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D  the  acdon  of  tlie  acid.     The  slip  of  copper  is  attached  b 
6  graphite  plate  bj  means  of  a  copper  rivet,  which  has  been 
preriously  tinned ;  and  then  by  means  of  the  soldering  iron. 
A  strong  and  perfect  connexion  is  thus  obtained.     The  plates 
are  finallj- platinised-  To  aecomptiah  this  a  mixture  of  one  part 
of  snlphuric  acid  and  t«n  of  water  is  prepared.     Into  this  ara 
dropped  a  few  crysUik  of  chloride  of  platinum,  till  the  liquid 
BCquires  a  pale  straw  colour,  A  common  battery  of  three  or  four 
cedis  is  now  required.     The  graphite  plate  is  connected  with 
the  zinc  end  of  the  battery,  and  a  couple  nf  platinum  plat«s>  J 
are  connected  with  the  other  end.     The  graphite  is  plaeeel'  1 
between  the  pair  of  plates,  and  in  a  decomposition  cell,  and>^ 
the  Bolntion  of  chloride  of  platinum  is  poured  in  till  the  gra-   ' 
pfalte  plate  is  aufSdently  immersed.     In  twenty  minutes  or 
half  an  hour  the  sur&cc  of  the  graphite  will  be  coated  with 
fine  black  particles  of  platinum  powder.     The  battery  cells  are 
ordinary  stone  jars.     The  zinc  plates  are  well- amalgamated, 
and  are  placed  with  their  foot  in  mercury,  contained  in  a  gutta- 
percha slipper.     Batteries  of  this  kind  are  rery  inexpensive, 
and  are  very  economical  in  use. 

Electro-plating  and  gilding  are  accomplished  by  having  very 
carefully  prepared  solutions  of  the  desired  metds  first  made, 
either  for  a  single-ceU  battery  or  a  decomposing  trough. 

The  purposes  to  which  electro -metallurgy  may  be  applied 
are  innumerable.  By  it  articles  are  silvered,  coppered,  zin 
and  gilt ;  etching  is  effected  ;  casts  are  taken  from  metal  t  _ 
wood-engravings,  busts,  and  atatues ;  pipes  are  made  without 
joints ;  metal  lace  and  cloth  prepared ;  and  delicate  flowm  | 
and  minute  insects,  modeUed  with  life-like  exactness. 

Explosion  by  Volttiie  Current. 
If  a  galvanic  battery  be  able  to  heat  a  wire  of  given  size  ' 
and  length,  and  the  wire  be  drawn  out  to  a  greater  length,  it 
will  heat  it  equally  in  its  exteaded  state;  or,  as  Faraday 
statw,  "  a  current  that  will  heat  one  inch  of  platinum  will 
heat  a  hundred  inches,  allowanco  being  made,  however,  for  the 
cooling  effects  of  the  air."  Thus  the  galvnnic  current  may  be 
employed  to  fire  gunpowder  at  a  safe  distance.  At  the  sug- 
gestion of  Mr.  Palmer,  it  was  first  employed  in  submarine 
operations  by  General  Pasley,  in  the  removal  of  obstructions 
in  the  Thames,  and  aftem-arda  of  the  wreck  of  the  '  Boyal 
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Geofffe*  ftt  Spftke^  Bat  periups  one  of  the 
opentioas  ctfei:tcd  hy  thu  povcr  wms  the  blartn^  of  iki 
Eomid  Down  Ciiif  it  Dorcr.  on  Ibnrsiay.  JamtniT  20A, 
1)^3.  We  extnct  the  foUowxng  ace^xmt,' fitm  tbe'IIhii* 
tnled  Lxidon  XevA,'  of  this  exxnordmazy  aduewsoit  rf 
engineenn^  skin. 

^'  A  small  arched  drift-waj  or  tnnneL  300  feet  in  Icngtik, 
mnnini^  from  east  to  west,  was  pierced  throngii  the  bottom  d 
the  cliff:  from  this,  at  nearlj  equal  distances,  tkree  weI14ikB 
riiafts  were  sank,  and  from  these  again  proceeded  three  hon- 
xontal  galleries.  At  the  end  of  each  gaDery  a  chnmber  WM 
prepared,  with  a  box  for  the  ganpowder.  Tbe  centre  boK 
contained  75  barrels,  and  the  eastern  and  western  55  cub, 
making  in  the  whole  the  onparalleled  charge  of  135  bamk, 
or  18,500  lbs.  The  ganpowder  was  placed  in  npri^t  bogs,  tilt 
Boaths  open,  and  powder  sprinkled  very  thickly  betwem 


^\^L__\  Lerel  of  Kailway. 
Lerel  of  High  Water   — --J!!^,-=l :j;_* 

Pig.  339. — a.  Section  of  Boiind  Down  CliE  b.  Brifl-way,  and  chamber 
where  the  powder  was  placed,  c.  Battery-house,  d.  lAne  of  re- 
quired face.    e.  Face  formed  hy  the  blast    Scale,  200  feet  to  an  inch. 

them.  Two  bnrstiiig  charges  were  placed  in  each  box,  by 
which  ignition  in  two  places  in  each  charge  was  produced  at 
the  same  instant,  and  the  simultaneous  action  of  the  whole 
charge  very  much  facilitated.    These  charges  were  placed  70 


EXPLoaroir.BT  TOWiic  orraBBsr, 

feet  from  each  other;  the  centre  one  (the  point  of  greatest 
resistatiue)  90  feet,  and  the  lateral  ones  70  feet  from  the  lace 
of  the  cliff.  The  apparently  dangerous  work  of  packing  the 
ponder  and  inserting  the  tiring-wiros  in  the  bursting-charges 
was  completed  io  three  hours,  by  Mr.  Hodges,  the  assistant- 
engineer,  and  Corporal  liae,  of  her  Majesty's  Sappers  and 
Miners.  The  chambers  and  contents  were  then  carefullj 
examined  and  approved  by  General  Pasley  and  Lieut.  Hutch- 
inson, and  the  galleries  and  shaft  closed  up  with  tightly 
rammed  chalk  and  sand.  The  moss  to  be  scattered  by  this 
latent  power  waa  calculated  at  about  500,000  tons;  but  the 
^antity  actually  removed  was  proved  to  be  upwards  of 
1,000.000  tons. 

"  On  the  slope  of  the  cliff  a  wooden  shed  was  constructed,  in 
which  was  placed  a  triple  set  of  immense  compound  batteries, 
each  one  consisting  of  three  sets  of  Daniell's  batteries  of  six 


Kg.  340.— a.  Drift-wttT.  4.  Shaft,  c  Gallery,  d.  Powdor-diamber. 
f.  Bos  of  powdet-'bags.  ///.  Wiro  from  btttla-ios.  Scale,  10  feet 
to  an  inch. 
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Fig.  341.— Plan  of  Iha  Batoriea. 
point  of  platjna,  which  the  galvanic  fluid,  aa  it  passed  om 
fljein,  heated  to  an  intense  white  heat,  sufficient  to  ignita  the 
powder.  These  wires  were  compoaed  and  formed  of  Btoot 
copper  wires  placed  round  a  rope,  to  which  they  wore  finnlj 
attached  bj  a  coil  of  Bpan-yam,  and  the  whole  sigaiu  woimd 
round  and  covered  by  well-tarred  yam.     These  wires  Ten 
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about  2200  feet  in  length.     Five  large  charcoal  fires,  to  A 
pate  damp,  completed  the  arrangements  "  (fig.  340). 

■'  At  precisely  twenty-six  minutes  past  two  o'clock  a  dull, 
muffled,  hooming  sound  was  heard,  accompanied  for  a,  moment 
by  a  hcary  joltinp  moveniect  of  the  eoj-th  which  caused  the 
knoce  to  smite.  The  mines  were  fired  I  In  an  instant  the 
bottom  of  the  clifi'  appeared  to  dissolve,  and  to  form  hy  its 
melting  elements  a  hurried  Bea-bome  stream.     The  superin- 


Kig.  34i— Hound  Domi  Cliif  from  tliB  Bowli,  asit  "ppeared  a(W  IL*  i 

ciimbont  mass,  to  the  extent  of  SOU  feet,  waa  then  observed  b 
separate  from  the  mainland,  and  as  the  dissolution  of  its  baa 
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was  accomplished,  to  nnk,  by  gradual  subsidence,  t 
In  two  minutes  its  descent  and  dispenioii  were 
The  huge  volleys  of  ejected  chalk,  as  they  bW( 
like  stream,  seemed  to  roll  inwards  upon  themselvi 
their  integral  blocks,  and  then  to  return  to  the 
smaller  and  coalescing  forms.    The  mass  seemed  tu 
to  be  splitting,  whirling,  fleeing,  under  the  influL^ 
unseen  but  uncontrollable  power.    There  was  no  r 
plosion,  no  bursting  out  of  fire,  and,  what  is  very  rr-'' 
not  a  single  wreath  of  smoke,  for  a  mighty  agent  ha- 
work  under  an  amount  of  pressure  which  almost  nr. 
enei^cs ;  the  pent-up  fires  were  held  in  their  im 
smoke  was  consumed,  and  when  their  '  dogs  of 
actually  let  loose,  they  were  even  then  compelled  t6 
spiriting  gently.'     A  million  tons  of  weight  and  a  mil 
of  cohesion  held  the  reins.    When  the  turf  at  the  top 
cliff  had  been  launched  to  the  level  of  the  beaeh,  the 
of  cUbris  had  extended  a  distance  of  1200  &et^  and  cor 
surface  of  more  than  fifteen  acres  I " 

Voltaic  Heat  and  lAghiL 

Sir  Humphry  Davy  exemplified  the  intense  L< ; 

derived  from  the  voltaic  battery.     With  a  series  of  J« 

inch  plates,  he  produced  an  arched  stream  of  light  betv 

charcoal  points,  with  which  he  fused  the  most  nnmni 

of  the  metals  with  the  utmost  ease.     Diamond  van  is] 

carbonic  acid  gas ;  when  thin  leaves  of  gold  were  Im 

beautiful  white  light  tinged  with  blue  was  emitted  ;  si 

gave  an  emerald-green  light,  copper  a  bluish- white  L 

rod  sparks,  lead  a  purple,  zinc  white  tinged  with  rei: 

fessor  Daniell,  with  his  improved  battery,  piodnceci 

powerful  flame  between  two  charcoal  points^  as  to  &»l 

own  face  and  inflame  the  eyes  of  the  spectators.     Thi. 

cause  of  this  light  science  has  not  yet  been  able  to  deh 

all  that  is  known  is,  that  it  is  produced  by  the  disch 

voltaic  electricity    through    a    non-conducting   or   r*. 

medium,  and  its  properties  are  much  the  same  as  those  «>; 

sun's  rays.     Some  years  ago  M.  Archereau   exhibit' 

electric  light  in  Paris,  and  it  was  proposed  to  havi 

several  points,  whereby  the  city  might  be  illuminated  := 

sun  at  night.    Difficulties^  however^  arose  to  prevent  the : 


y*-!--'* 
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cation  of  tiie  inTentton,  arising  principally  from  the  inability  X 
to  render  the  light  continuous.     Mr.    Alliutin  proposed  an  I 
ingenious  BeIf~adjuBtment,  whereby  when  tlie  electricity  was  1 
more  than  neceesary,  the  charcoal  points  became  wider  apart; 
and  when  it  decreased,  they  approached  nearer. 

In  1846,  Messrs.  Greener  and  Stoite  took  out  a  patent  for 
this  mode  of  illuminating  thoroughfares  and  public  buildings. 
They  proposed  to  use  charcoal  and  platinum  points  in  air-tight 
Teasel^.  Mr.  Staite  affirmed  that  with  a  battery  of  40  small 
cells  in  series,  the  light  was  equal  to  380  tallow  candles,  300 
wax  candles,  or  64  cubic  feet  of  gaa;  this  being  effected  by 
the  consumption  of  little  more  than  three-quarters  of  a  pound 
of  irinc  per  hour.     In  1848  it  was  pnblicly  exhibited  in  I,ondon. 

The  electric  light  is  so  brilliant  as  to  duzde  inconveniently 
those  who  are  near.  It  diminishes  rapidly  in  intensity,  as  the 
spectator  removes  irom  it.  The  opposed  points  are  found  to 
wear  away  rapidly.  But  the  intermitting  character  of  the 
light,  a  fault  not  yet  quite  overcome,  has  been  hitherto  fatal  J 
to  the  general  wse  of  this  invention.  I 

Mr.  Holmes  has  been  perfectly  auccessfiil  in  the  production  ^ 
of  a  continuous  and  powerful  electric  light,  by  combining 
a  series  of  magnets,  orranged  in  a  circular  form,  and  driven 
by  a  small  steam-engine.     His  light  has  been  lor  some  time 
in  operation  at  the  South  Foreland  Lighthouse.  Eye-witnesBes 
describe  the  magnetic  light,  seen  from  the  sea,  as  intense,  like 
a  little  sun,  and  like  that  luminary  it  "  sets  "  from  the  con- 
vexity of  the  earth.     At  30  miles  it  does  not  appear  to  be  the 
least  dimmed,  and  it  even  penetrates  haze  and  fog  so  as  to 
indicate  its  "  whereabouts."     Although  the  light  itself  is  only 
a  "  spark  "  of  about  a  quarter  of  an  inch  long,  it  is  too  vivid 
to  be  stared  at  with  an  unprotected  eye.     Seen  through  black 
gog^es,  a  beautiiii]  cone  of  light  may  bo  observed  falhng  from   . 
the  upper  carbon  to  the  lower,  very  different  in  intensity  to  J 
the  glare  of  a  murky  coal  fire,  or  even  the  luminous  band  oCfl 
light  from  a  reflector. 

Professor  Way^s  Electric  Light. 
The  principle  of  thia  light  is  simply  the  application  of  i 
running  stream  of  mercury  in  place  of  the  charcoal  pointsJ 
The  apparatus  consists  of  an  oval-shaped  pair  of  tubes  o 
oected  at  each  end,  and  a.  round  hollow  globe  about  the  sizi 


an  orange,  in  which  is  placed  the  mercury.  The  mermtj 
rune  fi^im  a  point  to  a.  cup  in  tho  centre,  enclosed  witluM 
glass  tube,  and  here  it  is  heated  to  a  whita  heat  as  it  flown  I 
a  fine  stream  from  the  upper  ball  into  the  cup  and  thcncfliid 
the  lower  one,  thus  producmg  in  ndeetructible  wick.  TA 
«  which  connect  the  battery  wilb  the  apparatus  are  a 
'      '      1  india  ml  \  r    and  have  an  outffl 


coating  of  braided  hemp,  the  whole  being  as  pliablt  as  pack- 
thread. Midway  between  the  light  and  the  rottaic  battery  i«. 
a  brass  standard  a  few  inches  high,  with  which  the  wires 
cooaected,  and  by  pressing  a  button  on  the  top  of  this,  simp] 
as  the  key  of  a  piano,  the  light  can  be  given  in  flashes  of  aa| 
long  01  ae  short  a  duration  an  the  operator  pleases.  This  is, 
however,  raore  correctly  carried  out  by  a  email  instrument  of 
Mr,  Way's,  which  eonsista  of  a  piece  of  clockwork,  having  in 
front  a  revolving  disc,  the  face  of  which  is  covered  with  nu- 
meroua  holes  with  pins  to  fit  in  as  may  be  required.  In  front 
of  the  disc  are  two  small  cylinders  with  pistons  and  arms 
attached.  As  the  disc  revolves,  the  pins  in  its  face  lift  the 
instons  in  the  cylinders  and  cut  off  the  connexion  between  the 
battery  and  the  lighting  apparatus,  thus  prodncing  flashes  of 
light  of  any  duration  that  may  be  required,  with  their  accom- 
panying intervals  of  darkness,  well  adapted  for  a  revolving 
light,  or  as  a  cMide  of  signals  for  night  service. 

A  very  ingeniously  constructed  gun,  fired  off  by  the  agency 
of  a  galvanic  battery  concealed  within  itself,  was  at  one  time 
sxhibited  in  London,  which  discharged  balls  five-eighths  of 

a  diameter  at  the  rate  of  lOOO  per  minute  (fig.  343). 
Animal  Eleeerieiti/. 

vani's  experiments  convinced  him  that  n  particular  foi 
I  electricity,  denominated  by  him  animal  electrioily. 

'mals ;  he  believed  that  he  merely  excited  and  rendei 
sensible  this  electricity  by  coating  a  nerve  and  muscle 
metals,  but  did  not  regard  the  latter  as  the  real  source. 

Hjn  celebrated  experiment,  though  so  well  known,  is  ontf 
really  of  so  remarkable  a  cboractcT,  that,  repeat  it  as  often 
may,  it  can  never  bo  looked  at  witliout  some  feeling  of  delight. 
To  perform  it,  take  the  legs  of  a  frog,  denuded  of  their  skin, 
and  attached  by  the  lumbar  ner\-es  to  a  portion  of  the  spine 
(flg.  344).  Allowing  them  to  rest  on  a  glass  plate,  place  a 
piece  of  zinc  in  contact  with  the  nerves,  and  allow  the  feet  to 
rest  on  n  thin  slip  of  silver,  in  size  about  the  same  as  the  line. 
They  will  remain  at  rest,  and  appear,  as  they  indeed  are,  dead 
and  powerless,  until  called  into  action,  by  connecting  them 
with  a  piece  of  wire,  one  end  of  which  must  touch  the  zini;, 
i  the  other  the  silver.  Instantly  the  legs  will  be  seen  to 
act,  and  kick  away  the  silver  plate.     It  has  been  stated 
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by  Profeesor  Matteuoci,  that  this  corions  observation  was  not 
original  with  Oalvani,  but  was  made  some  time  before  bj  the 
celebrated  Swammerdam,  and  the  experiment  exhibited  bj 
him  in  the  presence  of  the  Grand  Duke  of  Tuscany.    But, 


Fig.  344. 

• 

however  that  may  be,  shortly  after  the  announcement  of 
Galyani's  discovery,  Professor  Volta,  of  Pavia,  in  repeating 
this  and  other  analogous  experiments,  arrived  at  a  different 
conclusion  as  to  their  explanation,  and  he  showed  that  the 
electricity  was  really  excited  by  the  metals,  and  the  contraction 
of  the  muscles  of  the  frog  was  only  an  index  of  its  existence. 
Although  this  and  other  theories  obscured  for  a  time  the  vievs 
and  researches  of  the  illustrious  Galvani,  attention  was  again 
drawn  to  them  by  the  experiments  of  his  nephew.  Professor 
Aldini,  of  Bologna.  He  was  inspired  with  so  much  zeal  in 
the  defence  of  his  uncle's  theory,  that  he  travelled  throng 
France  and  England  for  the  purpose  of  demonstrating  the 
truth  of  his  views  ;  and  in  the  presence  of  the  medical  officers 
and  pupils  of  Guy's  Hospital,  in  the  year  1803,  supported  and 
defended  a  series  of  propositions  so  satisfactory  and  conclusive, 
that  he  was  presented  by  his  auditors  with  a  gold  medal  com- 
memorative of  his  labours. 

Professor  Aldini's  propositions  and  conclusions  are  so  im- 
portant, and  of  such  high  interest,  that  we  shall  now  bridv 
refer  to  some  of  them,  as  they  demonstrate  the  existence  d 
free  electricity  in  animals,  as  will  appear  to  all  conversant  with 
this  branch  of  physiology. 

Prop.  1. — "Muscular  contractions  are  excited  by  the  de- 
velopment of  a  fluid  in  the  animal  machine,  which  is  conducted 
fi*om  the  nerves  to  the  muscles  without  the  concurrence  or 
action  of  metals." 

Exp.  A. — In  prooi  of  this  statement,  Aldini  procured  the 
head  of  a  recently-killed  ox.  With  the  one  hand  he  held  the 
denuded  legs  of  a  frog,  so  that  the  portion  of  the  spine,  still 
connected  with  its  lumbar  nerves,  touched  the  tip  of  the  tongae, 
which  had  been  previously  drawn  out  of  the  mouth  of  the  ox 
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(fig.  345).     The  circuit  wos  completed  by  grasping  with  the 


uther  hand,  well  mo  stoned  with  salt  and  water  one  ut  thd 
ears.  Tho  frog's  legs  mstantly  contracted  the  contrttctiunB 
ceasing  the  instant  tho  circuit  was  broken  by  removing  th« 
band  from  tho  ear  The  tnteus  t>  of  these  contractions  was 
mnch  increased  by  combining  two  or  three  heads  so  as  to  1  rm 
a  sort  of  battery,  just  as  Mutteuca,  forty  years  afterwards, 
fonnd  to  be  the  cose  with  his  pigeon  and  rabhit  battery. 

Esp.  B. — AJdini,  having  soaJccd  one  of  his  hands  in  salt 
and  water,  held  a  frog's  leg  by  its  toe,  and,  allowing  the 
ischiatie  nerves  to  be  pendulous,  brought  them  in  contact 
with  the  tip  of  liis  tongue,  Controctiona  instantly  ensued 
from  a  current  of  electricity  traTorsing  the  frog's  leg  in  its 
route  from  the  external  or  cutaneous  t«  the  inttmal  or  muoons 
covering  of  the  body.  By  this  very  interesting  experiment, 
.'Udiiu  demonstrated  the  axistence  of  the  musculo- cutaneous 
current.  Aldini,  in  connexion  with  this  experiment,  declare) 
that  tho  pendulmiB  nervous  filaments  were  distinctly  attracted 
by  the  tongue ;  and  to  this  marvelloos  and  hitherto  uncor- 
roborated statement  calls  to  witness  Sir  Christopher  Peggc 


Fig.  346. 
mediately  ensued.     Ttua  experimail 
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Dr.  Bancroft,  to  whom  he  states  he  showed  this  expoiiment 
at  Osford. 

Exp.  C. — The  proper  electricity  of  the  irog  was  found  Igr 
Aldiiii  to  ho  competent  to 
the    production    of 
tractions,     For  this 
poae  he  prepared  the  lower 
estremitiea  of  a  vigorons 
frog,  and,  by  hendmg  up 
the  leg,  brought  the 
clea  of  the  thigh  in  contact 
with  the  lumbar  nerve 
(fig.  346):  contractions  i- 

ia  now  a  familiar  one,  and  has  been  repeated  and  modifiri 
lately  by  Miiller  and  others, 

Enp.  D, — A.  ligature  was  loosely  placed  round  the  middlt 
of  the  crural  nerves,  and  one  of  the  nerves    applied  to 
correaponding  muscle ;  contractions  ensued ;  but,  on  tightenaj 
the  ligature,  convulsions  ceased. 

This  statement  is  very  important,  as  upon  its 
or  error  depends  what  has  been  regarded  one  of  tho  tests « 
the  identity  or  diversity  of  the  electric  and  nervous  agenfi» 
It  waa  repeated,  soon  after  Aldini's  announcement  of  the  *  " 
by  an  Italian  phyaician  of  celebrity,  Signor  Valli,  who  i 
menoed  bis  researches  indeed  in  1792,  only  a.  year  aftertb 
publication  of  Golvani'a  discovery ;  and  he  found  if  the  ligalM 
was  applied  mar  die  tnuich  it  did  not  aihw  the  corOratimi* 
oemr,  hut  if  nearer  the  spine  it  did  not  prevent  it.  IthasbeS 
since  found  by  Prof.  Mattencei,  that  if  core  be  token  to  ii 
late  the  nerva,  a  ligature  does  arreet  the  contraction,  as  ml 
as  the  passage  of  a  very  weak  artificial  electric  current. 

"  Little  oeourred,"  writes  Dr.  Bird,  "  during  the  Buhseqas* 
thirty-five  years  to  modify  these  conclusions,  or  add  to 
interest,  repeated  and  extended  by  numorous  observers,  i 
cially  by  Humboldt,  and  more  lately  by  Miiller,  They  if* 
almost  lost  in  the  blaze  of  novelty  surrounding  the  vast  fr 
coveries  made  on  the  constitution  of  inorganic  matter  bTft 
magic  pile  of  Tolta,  an  instrument  which,  in  the  hands  of' 
late  talented  countryman  Sir  Humphry  Davy,  resolved  MBf 
bodies  previously  considered  simple  into  their  o 
elements,  and  quite  changed  the  feoe  of  chemistry 
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more  recently,  directed  by  the  gifted  genius  and  vast  attMn-^ 
ments  of  a  Faraday,  has  led  to  the  discovery  of  new  sciences, 
and  of  properties  of  matter  before  undreamed  of;  indeed,  haa 
promised  to  lay  open  to  us  the  secrets  of  the  working  of  the 
invisible  agenta  presiding  over  the  ultimate  constitutioii  of 
material  masses." 

It  may  now  be  asked,  what  proof  do  we  possess  that  the 
action  on  the  muscular  fibre  of  a  frog's  leg  is  really  produced 
by  electric  currents  ?  It  is  true  that  this  is  generally  taken 
fbr  granted,  but  still  it  is  important  to  review  our  proofs. 
One  great  evidence  in  favour  of  this  opinion  is  at  once  found 
in  the  tact,  that  contractions  produced  in  frogs  can  only  be 
excited  when  conneuon  is  made  between  a  nerve  and  muscle 
by  a  conductor  of  electricity,  all  other  bodies  interfering  with 
the  production  of  this  phenomenon.  The  only  thing  approaching 
to  a  more  positive  proof  before  the  researches  of  Ma^ucci,  is 
an  experiment  of  Valli,  in  which  ho  formed  a  sort  of  battery 
of  fourteen  prepared  fi^igs,  and,  by  the  electricity  thus  accumu- 
lated, succeeded  in  producing  the  phenomena  of  divergence  in 
B  deUcate  electrometer.  It  is  te  he  regretted  that  no  accurate 
account  of  this  experiment  has  been  left  on  record ;  for,  if 
true,  it  must  be  regarded  as  most  satisfactory  in  proving  the 
identity  of  the  electricity  of  the  &og,  with  that  obtained  from 

The  recent  researches  of  Prof.  Mattencci,  of  Pisa,  have, 
however,  completely  set  this  matter  at  rest.    He  has  incon- 
tostably  proved  that  currents  of  electricity  are  always  circu- 
Ittting  in  the  animal  frame,  and  not  limited  merely  to  cold-  ■ 
blooded  reptiles,  but  are  common  to  fishes,  birds,  and  mammalia^ 


Fig.  347. 

From  the  researohes  of  this  pMlonopher,  it  appears  that  | 
current  of  positive  electricity  is  always  circulating  frum  t' 


I 
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interior  to  the  exterior  of  a  musole ;  and  that,  although  the 
ijuantity  developed  is  eseeediagly  BmalL  yet  that,  by  arrttnging 
;i  series  of  muscles  having  their  exterior  and  interior  enrfocM 
alternately  connected,  he  developed  suffleient  electrjcitj'  to 
produce  energetic  effects  (fig.  347). 

By  thus  arranging  a  series  of  half  thighs  of  frogB,  he  8n«- 
coeded  in  decomposing  iodide  of  potssBium,  in  deflectmg  the 
needles  of  a  galvanometer  to  90°,  and,  by  aid  of  a  condenser, 
(aused  tho  gold  leaves  of  an  electrometer  to  diverge.  Whai 
more  delicate  tests  of  the  electric  currents  were  made  nse  ft, 
their  existence  was  demonstrated  in  tho  muscles  of  all  animali, 
and  even  of  man  himself. 

Professor  Katteneci  availed  himself  of  this  circumstance  in 
his  contrivance  of  tho  irog-galvanoscope.  This  is  made  Ijy 
skinning  the  hind  leg  of  a  frog,  and  separating  it  &om  tltf 
trunk,  taking  caro  to  leave  as  long  a  piece  of  sciatie  n«rvt 
projecting  as  possible.  The  leg  must  then  be  placed  in  ft 
glflfls  tube,  the  nerve  hanging  over  (fig.  S4S).  In  nelng  |^ 
contrivance,  all 
that  is  nccessory 
is  to  let  the  piece 
of  nerve  touch 
fiimultaneoitsly  in 
two  places  the 
part  where  electric 

condition  is  to  he  "" 

examined.  If  a  current  exists,  the  muscles  of  tho  1^  will 
become  convulsed  at  the  moment  of  contact. 

In  this  way  the  Professor  detected  a  current  in  man  [  bj 
making  a  clean  incision  into  the  muscles  of  a  recently  ampa- 
tated  lunb,  and  bringing  the  nerve  of  the  frog-gal vanoscope  a 
contact  at  once  with  the  two  lips  of  the  wound,  contraotion 
instantly  occurred.  In  a  recent  paper,  Matteueoi  has  Mlj 
corroborated  the  statement,  long  before  made  by  Dr,  "WilkinaoB, 
of  the  marvellous  eensibility  of  the  irritable  muscles  of  tia 
frog  to  the  stimulus  of  electricity.  For  even  after  an  electria 
jar  has  been  discharged,  and  the  two  surfaces  of  the  jar  n- 
peatedly  brought  into  communication,  ao  as  to  get  rid  of  aaj 
residual  charge,  and  lose  all  influence  on  the  more  delicite 
electrometer,  its  electric  equilibrium  is  still  suffioiently  dis- 
turbed to  excite  convulsions  readOy  in  the  frog-galvanoeoope. 


In  pigecms  aad  fowls,  as  well  as  in  eels  and  frogs,  eurrenlB 
were  readily  doraonstrable ;  indeed,  by  alternating  a  series  of 
the  former  by  approximating  tbeir  sides,  the  raw  surface  of 
tie  mnseles  of  which  had  been  espoaed  by  a  quickly  made  cut, 
Mattencci  formed  a  sort  of  battery  resembling  that  made  of 
tiie  thighs  of  froga.  The  result  of  tide  experiment  has  proved 
that  esergetic  currents  existed  in  hot-  afi  weU  as  cold-blooded 
animals ;  indeed,  more  intensely,  but  very  soon  disappearing 
on  the  death  of  the  animal.  These  researcheH  completely 
corroborate  the  statements  and  experiments  of  Aldini  made 
many  years  enrlier,  especially  that  very  remarkable  one  before 
alluded  to,  in  which  he  jiroduced  contractions  of  the  legs  of  a 
■  frog  by  bringing  them  in  contact  with  the  tongue  of  an  os. 
By  means  of  the  firog-gnlvanoscope,  not  only  the  existence,  but 
the  direction  of  a  current  can  be  discovered  j  for  if  the  leg  be 
inpt  for  a  short  time  before  using  it,  so  as  to  diminish  a  little 
its  sensibility,  the  muBclcs  will  cjontraot  on  ■making  contact 
with  the  body  under  examination,  if  the  positive  electricity 
pusses  from  the  nerve  to  the  leg,  whilst  it  will  contract  on 
breaking  contact  if  the  electricity  is  moving  in  the  opposite 
direction.  Using  this  deHcate  test  for  an  electric  current, 
Uatteucd  discovered  that  the  intensity  of  such  currenls  rises 
in  proportion  ixi  the  rank  occupied  by  the  animal  in  the  scale 
of  being,  their  duration  after  death  being  in  the  inverse  ratio. 
He  likewise  discovered,  that  when  a  mass  of  muscle  belong- 
ing to  a  living  animal,  or  one  recently  dead,  was  placed  in 
contact  with  a  piece  of  wire,  so  that  one  end  of  it  touched  the 
tendon,  and  the  other  the  body  of  the  mnscle,  a  current  could 
always  be  detected  circulating  in  the  mass  in  the  direction 
from  the  tendon  to  the  external  earface  of  the  structure.  He 
further  demonstrated  the  very  important  fact,  that  every  thing 
which  decreases  the  vis  vitcs  of  the  animal,  diminishes  the 
erideneo  of  electricity  immediately  after  death.  Thus,  when 
frogs  were  killed  by  asphyxia,  either  by  immersion  in  sulphu- 
retted hydrogen,  or  water  freed  from  air,  the  electricity 
detected  in  their  femoral  muscles  aank  to  a  minimum ;  whilst 
the  thighs  of  frogs  whose  hearts  had  been  previously  removed, 
gave  less  ovidenoo  of  the  existence  of  tius  important  agent 
than  those  which  had  not  been  so  injured.  It  is  well  known  that 
certain  fishes,  the  torpedo,  &c.,  possess  a  pccnliar  apparatus  by 
which  they  are  enabled  to  accumuhite  the  elet^tricity  developed 
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by  the  vital  procesacs  going  o»  in  tlieir  Btrafttnrea,  _ 
produce  the  ordinarily  recognized  effecta  of  tension.  "Dus 
dowmont  is,  however,  peciUiar  to  very  few  creaturea,  and  tlw 
electricity  developed  in  the  frames  of  other  orgRnisms  is  only 
to  be  detected  by  comparatively  delicate  tests.  It  is,  however, 
very  remarkable,  that  in  the  Batrofhians  generally,  capoeially 
the  frog,  an  electric  current,  denominated  by  Mattenora  the 
"  proper  current,"  possesBing  some  approach  to  tension,  asi 
capable  of  deflecting  the  needle  of  a  galvanometer  to 
readily  be  detected ;  its  direotion  is  always  definite  ttoia  the 
feet  towardn  the  head.  This  carious  and  remarkable  fact  wm 
first  pointed  out  by  Nobili,  and  afterwards  accurntoly  studied 
liy  the  Pisan  philosopher,  to  whose  rosenrchea  wc  have  bo  ofUo 


Space  will  not  allow  ns  to  do  justiee  to  the  numerous  samtu 
who  have  been  engaged  in  the  investigation  of  animal  electii- 
rity.  We  may,  however,  refer  to  a  work  recentlT  pubhshtd 
on  this  subject  by  Mr.  Smee,  and  extruct  from  hia  bookeW 
of  the  earliest  of  hia  esporimonts.     Having  obtained  the  «• 
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^  manner: — The  animal  (represaited  in  flg,  349)  was  a  rabbit, 
,  into  the  cheek  muscle  of  which  he  introduced  a  sewing-needle, 
J  whilst  a  second  needle  was  placed  in  the  cellular  titeue  beneath 
^  the  akin.  After  leaving  them  for  a  few  minutes,  so  that 
j^  they  might  be  in  the  same  state,  they  were  connected  with  the 
I  galvanometer,  without  sensible  deflection  of  the  needle.  In 
.  a  few  moments  more,  the  animal,  not  liking  its  treatment, 
.  made  an  attempt  to  bite ;  the  mochajiism  of  volition  was  in- 
I  stantly  eshibited  by  the  deflection  of  the  galvanometer.  A 
f  piece  of  wood  was  then  given  to  the  animal  to  bite,  upon  which 
I  it  used  all  its  powers  of  mastication ;  and,  by  catching  the 
.  oscillation  of  the  needlo,  a  very  powerful  electnc  current  was 
.  exhibited.  In  this  experiment  the  deflection  of  the  needle 
proved  the  Bxisl«nce  of  a  voltaic  current  during  the  action  of 
.  biting,  and  thus  denoted  the  mechanism  of  the  force  employed 
to  tlirow  the  muscles  into  operation. 

Our  Qluatration  (f^,  350)  represents  the  arrangement  of  an 
espotiinent  recently  performed  liy  M.  Dubois- Reymoad,  a 
gentleman  eminent  in  the  study  of  "  oiganic  electricity."  A 
cylinder  of  wood  is  fixed  firmly  against  the  edge  of  a  table  j 
two  vessels  filled  with  salt  and  water  are  placed  on  the  table, 
in  flucb  a  position  that  a  peraon  grasping  the  cylinder  may  at 
the  same  time  insert  the  fore-finger  of  each  hand  into  the 
water.  Each  vessel  contains  a  metallic  plate,  and  communi- 
eates  by  two  wires  with  an  extremely  sensitive  galvanometer 
Q,  In  the  instrument  employed  by  M.  Dubois-Eeymond,  the 
wire  made  24,000  turns.  The  apparatus  being  thus  arranged, 
the  experimenter  grasps  the  cyliiider  of  wood  firmly  with  both 
hands,  at  the  same  time  dipping  the  fore-finger  of  each  hand 
in  the  saline  water.  The  needle  of  the  galvanometer  remains 
undisturbed ;  the  electric  currents  passing  by  the  nerves  of 
each  arm,  and  being  of  the  same  force,  neutralize  each  other. 
Now  if  the  oxperimcnter  grasp  with  energy  the  cylinder  of 
wood  with  the  right  hand,  the  left  hand  remaioing  fiacdd  and 
free,  immediately  the  needle  will  move  from  the  west  to  the 
south,  and  describe  an  angle  of  30°,  40°,  and  even  50° ;  on  re- 
laxing the  grasp,  the  needle  will  return  to  its  original  position. 
-  The  experiment  may  be  revereed  by  employing  the  left  arm, 
and  leaving  the  right  arm  free;  the  needle  will  in  this  case 
be  deflected  from  the  west  to  the  north.  This  reversing  the 
action  of  the  needle,  by  the  contraction  of  the  muscles  of  the 


right  ojiil  left  arm  alternately,  places  beyand  sU  i 
question  of  the  elct-trio  ciureni  being  indaced  i' 
agtmtj  of  the  nervous  system. 


Three  conditions  are  necessary  for  the  aueceas  of  this  exped- 
nent; — 1.  great  mnsoalar  force;  2.  the  precaution  ta  6Ml- 
tract  the  muBcles  of  only  one  arm  at  the  Eame  time ;  d,  '  ' 


the  skin  of  tiie  tiaad  Bhould  be  soft,  quito  clean,  and  liee  £rcm 
any  kind  of  wound,  however  small. 

If  the  experimenter  ia  too  feeble,  the  needle  is  aearcely  dis- 
turbed. If  both  anna  are  contracted  unequally  at  the  same 
time,  the  deflection  only  shows  the  excess  of  force  of  one  arm 
as  compared  with  the  other.  When  the  skiu  of  tho  hand  is 
thick  and  hardened,  it  is  a  had  conductor  of  electricity,  and 
the  Icaat  scratch  or  wound  gives  rise  to  chemical  actions  which 
develope  of  ihemaelres  the  electric  currents.  The  result  of 
this  experiment  is,  that  tho  human  will,  produijing  a  muscular 
contraction,  causes  a  deflection  of  tho  needle. 

The  theory  thought  to  accord  best  with  the  esperimentB 
made  ia  tho  following :— The  nerves  are  the  channels  or  seats  of 
continuous  currents  of  electricity,  which  contraction  of  the 
muscles,  pain,  and  other  circumstances  mayinterrupt.  At  the 
moment  the  fingers  are  plunged  into  the  saline  water,  the 
needle  remains  perfectly  quiet ;  tbe  currents  passing  through 
both  arms  and  in  opposite  directions  neutralize  each  other. 
"When  one  arm  only  is  contracted,  the  electric  current  is  inter- 
mpted  in  this  arm ;  the  current  from  the  other  arm,  acting 
alone,  causes  tho  noedle  to  deflect  according  to  the  muscular 
or  electric  force  developed.  The  nervous  phenomena  have, 
then,  a  close  analogy  with  those  of  electricity.  But  we  have 
at  present  no  proof  of  the  identity  of  the  latter  with  nervous 

Dr.  "Wilson  Philip  proved  that  when  he  severed  the  eighth 
pair  of  nerves  in  rubbita,  the  food  in  their  stomachs  remained 
nndigoated,  and  they  died  of  suffocation ;  but  after  dividing 
the  ner\'cs,  and  distributing  the  galvanic  power  below  the 
severed  nerve  to  a  disc  of  silver  opposite  the  stomach,  the 
operation  of  breathing  and  digestion  proceeded  as  usual.  The 
doctor  also  found  ho  could  continue  the  motion  of  the  heart  and 
circulation  after  the  brain  and  spinal  marrow  of  a  rabbit  were 
removed ;  and  concludes  his  investigations  by  saying,  "  hence 
galvanism  seems  capable  of  perfonmng  all  the  functions  of  the 
nervous  influence  in  tho  animal  economy;  but,  obviously,  it 
cannot  excite  the  functions  of  animal  life,  unless  when  acting 
on  parts  endowed  with  the  living  principle." 

Electricity  appears  to  be  bestowed  upon  certain  animals  both 
as  a  mode  of  defonco  and  of  destruction.  The  most  reniarkablo 
creature  known  io  the  Raia  torpedo,  a  flat-fish,  seldom  twenty 
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incheslong,  found  on  the  coasts  of  Europe,  fig,  351.     Th^eleiM 


I 


trical  ftpparatiiB  U  placed  on  each  side  of  tho  gills,  _^ 

tends  from  the  upper  to  the  lower  surface,  covered  b j  tiio  l  _ 
the  body.  When  one  hand  is  placed  on  the  upper  and 
other  on  the  lower  surface,  a  smart  shock  is  felt ;  the  oisas 
of  electricity  answering  to  the  positive  and  negative  sides  of 
Iioydon  jnr.  This  natural  electricity  can  be  withdrawn  frtL 
the  aniraal  by  means  of  a  conductor,  and  a  ahoefe  is  felt  tlin^ 
a  circuit  formed  by  several  peraons  joining  hands.  No  mi 
can  be  obtained,  nor  can  electric  attraction  imd  repulaioB  1 
produced;  but  strong  aolutiona  of  common  salt,  nitrate 
silver,  and  Buperacetate  of  lead  have  been  decotnpoeed  byi 
electrical  powers,  and  steel  magnetized.  When  the  toipo 
Bends  forth  a  shock,  it  depresses  its  eyes,  contortions  of  ti 
body  follow,  and  it  appears  to  have  a  control  over  the  powa 
In  tho  accompanying  figure  (fig.  351)  a  represents  the  don 
fin ;  b  part  of  the  skin  turned  over,  showing  the  right  el 
organ,  consisting  of  white  pliant  columns  resembhng  a 
honeycomb ;  c  ttie  nostrils,  in  a  crescent  form  ;  d  the  moalll 
whici  has  several  rows  of  small  teeth ;  e  e  tho  t«n  brettthiii 
apertures;  //outer  margin  of  the  greater  lateral  fin;  gg 


smaller  fins ;  h  the  tail  fin. 
The  gymnotua,  or  electrical  eel  (I 


;.  352)  is  an  inhaMtotf 


the  freshwater  lalces  and  nvere  of  the  warmer  regions  of 
America  and  Africa.  Its  body  is  smooth  and  without  scales, 
a  long  Tentral  fin  extends  from  behind  the  head  to  the  ex- 
tremity of  the  tail ;  the  mouth  is  armed  with  sharp  t«eth,  and 
projeetinBintoit  are  numerous  fringes,  which  ftism  their  nature 
appear  to  serve  a  purpose  in  respiration  ;  the  gullet  is  short, 
terminating  in  a  capacious  stomach  ;  the  whole  cavity  of  the 
ahdomen  is  not  more  than  seven  inches  long;  besides  the 
alimentary  canot,  the  heart,  Uver,  and  upper  part  of  the  air- 
bladder.  The  rest  of  the  animal  is  made  up  of  the  electrical 
oi^ans  and  muscles  of  pn^^i^esion,  together  with  an  air-sac, 
which  nins  beneath  the  spine  the  whole  length  of  its  body. 
They  are  about  six  feet  ia  length. 

lie  akin  being  turned  over,  the  two  electrical  oi^ans  are 
seen  on  each  side. 
They  are  of  two 
parts,  flat  parti- 
tions or  septa,  and 
cross  di\TaionB  be- 
tween them.  Thfc 
outer  edges  of  these 
Bepta     appear    in 

parallel  lincsncarly  f'S-  353.— The  Gjirniotufl, 

in  the  direction  of  the  longitudinal  axis  of  the  body ;  thoy  ar-^ 
(^in  membranes  nearly  parallel  to  one  another,  thoir  breadth 
nearly  tho  semidiameter  of  the  body,  but  of  different  lengths, 
BCOne  being  as  long  aa  the  whole  organ. 

In  the  acoorapimying  figure  (353)  a  represents  the  head ;  b 
the  oari^  of  the  beUy :  e  the  back  when  the  skin  is  not  re- 
moved ;  d  d  the  ventral  fin;  ee  the  skin  turned  hack  ;  ff  the 
lateral  muscles  of  the  fin;  ggif  tho  large  electrical  organ; 
hh  the  small  organ. 

When  small  fishes  are  put  into  the  water  in  which  t 
notUB  is  kept,  it  will  first  stun,  or  perhaps  kill  them  as  if  b_ 
stroke  of  lightninf;,  and  if  hungry  it  will  then  devour  tliej 
If  the  stunned  fish  be  removed  to  another  vessel  of  wa' 
it  will  speedily  rcoorer. 

The  gjnmotuB  scorns  to  know  whether  substances  are  C' 
ductors,  as  it  will  only  exert  its  electrical  powers  on  th 
that  are  so. 

A  powerful  shock  is  obtained  when  one  hand  is  placed  n 
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■h"  -i*^  tnri  'ItPifliPr  rwnr  'he  'oiL     Faradav  ^tteda  khuiif 

.jtiriiilp  iron  •ni-:'.>r''li<'nniTh><ie'it' -xpehmeni3.asd:'oiiiid±ax 

I  jnlr-.n'pmpT.-r.  nof    -^  ieiu-ate,  ^rw  ^tlftcted  to  the  astnil 

■rf  4*'   If-arp**":    mil  "111*   "UH'tric  lureat 

!»■)■  ilvnvH  :'i)'".iiii  -II  V  :Vr,m  :he  interior 

purfji  pf  -hi"  mimal  ■hmnirh  'ii^  salnrno-    , 

aiprer  »im  -ii  'liA  TrwTrttor  ^art3,     The   j 

flwrner  'T"n>.  •hi>rr>6in'.  fi)r  Thu  ■ime  i!H 

nftlK"  ryitifi^*.    infi   :hp   lattf-r  nt^rir? : 

m  mneaiprt  itfi'i  nfifirili*.  ^i^u■l>rt  in  :i  irtLe 

(wiis  if  -iFPTity-rwu  weS    if   >iikc<l  ^viro 

^innil  on  i  inill.  SnMme  ^  -nnyipr ;  <Le- 

v.mpiwiriiin    if  iivlidii  'if  aiTJuwiiiin.  -vaa 

■laoily  -^'ifainM.    ''jn  ';rim!virini?  "he  middle 

;wrt  if  ■111"  tish  Tirh  itliiT  nurrliiiu  'irioio 

mil  Vhinrl  :r.   It  yid  fiiunii  ihat  within 

i^rtftin  limitit  *!ip  ■■riniiirlim  of  die  iaii  t?x- 

Wrwily  at  the  -ime  ■■•I  the  ihmk  ipneara 

TO  >  ^Ufih,  that  any  li^en  part  l^  aeqative 

tij  ithflr  pftrta  anteror  :■)  it,  iUid  poaitire 

ti>  ^ii^h  ;m  are  Khintl  ic 

A  -nnsie  mefliiiTn  liw^hariR  frim  the  mimal  ia  ealcnlaada 
-j\  ■^'\-W.  V.  "hf  -^iif;r:-:,'ir,-  -.f  a  L.-^ien  'lartery  .if  drreen  jar. 
*nnta;ni;i2  ;i-Vi"»  w.-iars  ii'.i'hen  ■  i  ziaaa  ■::iiite<i.,n  both  sides' lac 
'■hwntM  M  itfl  hiiriiest  piisrree ;  laii  .if  :hi3  force  ii  ..-an  rt? 
"liwiblij  an*!  "rple  ^hi'.i^lu  f.ii'.ttwij  iadcmtaaeooslv, 

Ifr.  CHwdr,!:  f:weil  io'ui  lear.-rf  xita  tie  eleJtricicv  hut 
'.r.e  of  thftse  eels, 

Whpn  .»  r.;imher  .-.f  p«ii-'fina  .Ji?  tiieir  handa  izito  the  t^sk 
jn  Thi.^h  vn.^  if  the  anin-^ald  U  kept,  th.ey  all  receive  a  sEwt 
<l;flV:rir,  ?  in  JTit'^^it v  accr,i-;:r,ir  m  thc-y  ore  sitnatisd  with  r^ud 
Ui  tht  •ijr.viriftn  of  the  'ir.rr'iv.z. 

We  RiTOrt  not  '.mit  the  mention  ■;(  some  remarkable  experi- 
rr.ftT.M  hy  the  Iste  Mr.  Crr,aa«.  TrhoEi  Br.  Enciland  iiicr>da«J 
to  the  BHtish  .\*»",fliaEion,  at  Brl'Ml,  :n  l>3tj,  as  "a  phi!o* 
pher  who  harf  ma^  jneat  flisooveries  by  the  nse  of  a  brifl 
with  ft  holfi  in  it  imTHerseii  in  a  pail  of  water."  This  gentleman, 
hy  iteepinj;  np  the  action  of  a  battery  for  rconthi  on  ditfrrpni 
fflhiStaTiivM.proiini^  an  ertraordinary  variety  of  mineral*.  In 
a  larff*;,  common,  ^laze.l  saldng-pan,  filled  irith  the  spring- 
water  of  the  coiuitry,  a  common  red  brieh  was  l^d  horinm- 
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tuUy,  each  end  resting  on  &  half-brick  of  the  same  sort.  The 
two  ends  of  the  brick  were  connected  respectively  with  the 
positive  and  negative  terminations  of  a  sulphate  of  copper 
fcatterj-  of  nine  pairs  of  nine-inch  plates  :  the  upper  surface  of 
the  brick  was  covered  with  dear  river- sand.  At  the  termina- 
tion of  a  quarter  of  a  year  the  apparatus  was  taken  apart,  and 
the  following  obBervations  were  made ;— On  attempting  to  lift 
the  whole  brick  from  the  two  halT-bricks  that  supported  it,  it 
was  found,  that  while  the  poaitise  end  was  easily  removed 
from  the  brick  below  it,  the  negative  end  requii'ed  some  httle 
force  to  separate  it  from  its  eupport ;  and  when  the  two  were 
wrenched  asunder,  it  was  obBerved  that  they  had  been  partially 
cementf-d  together  by  a  tolerably  large  surface  of  beautiful 
snow-white  crystals  of  arragonite,  thickly  studding  that  part 
of  the  brick  in  groups,  the  crystals  of  each  radiating  from  their 
respective  centres.  Here  and  there  were  formed,  in  some  of 
the  httle  recesses  in  the  brick,  elevated  groups  of  needle  arra- 
gonite, meeting  together  in  a  pyramidal  form  in  the  centre ; 
while  in  the  open  spaces  between  were  some  exquiaitely- 
formed  crystals  of  carbonate  of  lime,  in  cubes,  rhomboids,  and 
more  particularly  in  short  sis-sided  prisma  with  flat  termina- 
tions, translucent  and  opake,  sufficiently  large  to  determine 
their  form  without  the  use  of  a  Jens,  The  positive  end  of  the 
hiick,  and  that  which  supported  it,  were  also  covered  with 
crystals,  much  smaller,  and  apparently  of  a  difterent  nature. 
On  emptying  the  water  from  the  pan,  there  was  tbund  at  its 
negative  end,  at  the  bottom,  a  very  large  quantity  of  snow- 
white  carbonate  of  lime  to  the  extent  of  some  ounces  in  weight, 
in  the  form  of  a  gritty  powder  in  minute  crystals.  Three- 
fourtba  of  the  whole  interior  of  the  pan  were  covered  with 
myriads  of  crystals  of  carbonate  of  limo,  so  firmly  adhering  to 
the  pan  as  not  to  be  separated  without  the  aid  of  en  acid. 

It  would  seem  strange,  when  mentioning  Mr.  Crosse  and  his 
experiments  on  cryBtallizalion,  to  pass  over  in  silence  a  cir- 
cumstance that  has  esdted  much  discussion.  Mr.  Crosse  was 
endeavouring  to  form  crystals  of  silica,  when  he  observed  the 
gradual  growth  of  some  insects  from  the  middle  of  the  electri- 
fied stone,  which  on  the  twenty-sisth  day  became  perfect ; 
and  in  a  few  weeks  there  were  hundreds.  Fig.  354  shows  a. 
magnified  view  of  one  of  these.  The  discoverer  writes :  "  I 
have  never  given  an  opinion  as  to  the  cause  of  their  birth,  anj  A 
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Miy  fca*   •i^;ec;e>i    ac/ier    mpcerioas    power    in   nstsit 
PTTifl-ir  10  thai  oi  clectridiy  and  gaI'vviisQ,  whi^Ii  he  has  en- 
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ce,  aud  rendered  subservient  to  hia  pur- 


Magnetism  reaemblea  electricity,  and  may  perhaps  be  defined 
aa  eleutrie  polarity  of  a  peculiar  kind, 

A  mineral  or  ferruginous  atone,  found  tommonly  in  iron 
mines,  of  variooa  forms,  sizes,  and  eoionrs,  was  found  to  be 
endowed  with  the  property  of  attracting  iron,  of  pointing  itself 
ia  a  certain  direction,  and  of  communicating  the  same  powers 
to  iron  and  steel  bars ;  it  was  called  the  loadstone,  leudhig'Stone, 
or  magnet. 

Plato  and  Aristotle  state  that  the  ancients  were  acquainted 
with  the  attractive  and  repulsive  powers  of  the  magnet ;  but 
no  mention  is  made  of  its  directiTO  property,  which  is  of  all 
otherB  the  most  useful  and  interesting.  But  wo  have  it  on 
record  that,  many  centuries  before  liie  Christian  era,  the 
Chinese,  when  in  a  battle,  being  overtaken  by  a  dense  fog, 
directed  the  movements  of  their  troops  by  means  of  a  magnet; 
to  them,  then,  its  directive  ^ifoiicrties  must  have  been  fomihor. 
Still  its  uso  and  application  to  the  purposes  of  navigation  is 
of  comparatively  modem  date  in  other  parts  of  tliis  world.  It 
is  mentioned  by  old  continental  writers  in  USS.  of  the  twelfth 
eentury ;  and  Cardinal  Votri  in  his  History  of  tTerusalem, 
about  the  date  of  1200,  names  the  magnetic  needle,  and  its 
importanc-e  to  sea-furing  persons.  Dr.  Gilbert  says  the  com- 
pus  WU3  brought:  from  China  to  Italy  in  1260,  by  Paulus 
Venotus. 

From  what  may  be  gleaned  un  the  subject  from  mcdiLCval 
records,  it  would  seem  that  the  direction  of  the  needle  was 
pwtty  generully  known  about  the  commencement  of  the  fonr- 
toenUi  century.  Hut  that  this  direction  was  subject  to  change 
"was  ns  yet  a  fact  unknown  when  Columbus  first  ventured  to 
seek  the  shores  of  a  new  world,  will  appear  from  the  following 
extract  fiom  Washington  Irving's '  Life  and  Voyages  of  Colum- 
bus:  '  "On  the  13th  of  tjeptember,  1492,  he  perceived  ahont 
night-fall  that  the  needle,  instead  of  pointing  to  the  north 
star,  varied  but  half  a  point,  or  between  five  and  six  degrees 
to  the  north-west,  and  still  more  on  the  following  morning. 
Strouk  with  this  circumstance,  he  observed  it  attentively  for 
three  days,  and  found  that  the  variation  increased  as  he 
adrunced.  He  at  first  made  no  mention  of  this  phonomenoDt 
knowing  how  ready  his  pet^le  were  to  take  alarm;  but  iAJt 
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Boon  attracted  the  attention  of  (he  pilots,  and  filled  tltcm  with 
constornation.  It  seemed  as  it'  tbe  laws  of  nature  wist 
changing  as  they  advanced,  and  that  they  were  entering  into 
another  world,  subject  to  unknown,  influences.  They  appre- 
hended that  the  compass  was  about  to  lose  ila  luystcrioui 
TirtncB  ;  and  without  this  guide,  what  was  to  become  of  them 
in  a.  vast  and  traekle.w  ocean  ?  Columbus  tasked  hia  si 
and  ingenuity  for  reasons  with  which  to  allay  their  te 
He  told  them  that  the  direction  of  the  needle  waa  not  to  ^ 
polar  star,  which,  like  the  other  heai^enly  bodies,  hod  it 
changes  and  revolutions,  and  every  day  described  a  ciwl* 
round  the  pole,  but  to  some  fixed  and  invisible  point;  ml 
therefore  the  variation  waa  not  caused  by  any  failing  in  Ofl 
compasa.  The  b*gh  opinion  that  the  pilots  entertained  nf 
Columbus  as  a  profound  astronomer,  gave  weight  to  bis  tiiearj, 
and  their  alarm  subsided." 

That  iron  became  under  certain  circumstances  endowed  mlk- 
the  power  of  the  magnet  ^■as  fij-st  observed  in  1590  \y  t 
sui^on  of  Rimini;  and  in  1000,  Dr.  Gilbert  of  ColebegtcF 
wrote  a  work  on  magnetic  boijies,  and  termed  the  extremitio 
of  the  needle  po/w.  Br.  Hatley.  in  1683,  wrote  on  the  tliecty 
of  the  science,  and  suggested  the  osistcnce  and  sitiiatioa  k 
magnetic  poles,  of  which  he  believed  there  wre  four,  f 
likewise  oifered  suppositions  for  the  change  in  the  direuliait 
Ur.  Graham,  a  London  mathematical  instrument -maker,  i 
1722  noted  most  carefully  the  daily  variation,  and  found  th> 
seasons  as  well  as  hours  made  a  difference.  Although  111 
snaking  of  artificial  magnets  was  long  known,  still  they  wa 
weak  in  power  until  the  discovery  of  a  bettor  mode  was  as 
trived  by  Dr.  Knight,  about  100  years  ago,  and  other  r^ifa 
Bophers  aftenvai'da  improved  upon  his  method.  To  .i.  0. 4l 
Coulomb  we  owe  the  discovery  that  magnetic  jjowor,  I3e 
eleetrieity,  resides  on  the  surfaces  of  iron  bodies,  and  docstM 
penetrate  into  the  interior  of  solid  bodies.  Conloinb  a 
much  to  OUT  knowledge  on  the  manufacture  of  aiti£d^ 
magnets,  and  in  1802  announced  that  all  bodies  are  antndt 
to  magnetic  influence,  which  he  suspected  to  be  c«.nud  If 
portions  of  iron  diffused  in  them.  But  since  his  timo  oti«' 
metals  besides  iron  have  been  proved  to  be  magnetic.  Indaet 
Faraday  has  discovered  that  all  metals  are  magnetio,  bat  t) 
each  requires  a  certMn  temperature  for  dBYclopment. 


r  Barlow,  of  the  Itoyal  Military  Academy  at  Wool- 
inch,  after  mvcstigating  the  etfcct  of  the  iron  in  a  maa-of-war 
on  the  compass,  the  proper  action  of  which  it  greatly  disturbed, 
found  that  a  plate  of  about  live  pounds  weight,  placed  in  a 
certain  position  near  the  needle,  would  represent  and  counteract 
the  attraction  of  all  the  other  iron  in  the  ship.  This  was 
tested  in  all  parts  of  the  world,  and  found  to  be  a  fact  of  bo 
mach  value  that  tbo  Government  Board  gave  for  the  invention 
the  highest  reward  in  its  power.  Captain  Parry,  on  this 
subject,  says,  "  Such  an  invention  as  this,  se  sound  in  prindple, 
so  easy  in  application,  and  eo  universally  beneficial  in  practice, 
needs  no  testimony  of  mine  to  establish  ita  merits ;  hut  when 
I  consider  the  many  anxious  days  and  sleepless  nights  whit^ 
the  uselcssness  of  tbe  compass  in  these  seas  had  formerly 
occasioned  me,  I  really  should  have  esteemed  it  a  kind  of  in- 
gratitude to  ilr.  Barlow,  us  well  as  great  injustice  to  so 
memorable  a  discovery,  not  to  have  stated  my  ojjinion  of  its 
merits,  under  circumstances  so  well  calculated  to  put  them  to 
a  satisfactory  trial." 

Dr,  Daltou,  Professor  Hanstein,  M.  Arago,  Captain  Back, 
and  others  have  made  many  observations  on  the  gi-eat  derange- 
ment of  the  needle  which  arises  on  the  appearance  of  the 
aurora  horealis,  which  is  always  in  the  direction  of  the  magnetic 
pole.  Although  the  Northern  Lights  ore  rarely  seen  further 
south  than  Scotland,  yet  they  disturb  tho  magnetic  needle  »t 

The  loadstone,  as  found  in  its  native  state,  consists  of  two 
oxides  of  iron,  with  a  Email  quantity  of  quartz  and  alumina. 
It  is  principally  obtained  from  Arabia,  China,  Siam,  Norway, 
and  Sweden ;  and  sometimes  a  little  has  been  found  among 
&ie  iron  ore  of  EiLgland.  Small  loadstones  are  more  energetic 
than  large  ones.  Sir  Isaac  Newton  had  one  in  his  ring  that 
lifted  two  hundred  and  fifty  times  its  own  weight. 

Properties  of  the  Magnet. 

There  are  certain  properties  which  are  characteristic  of  tho 
magnet,  and  when  otiior  bodies  exhibit  them,  they  arc  fyr  this  ' 
a    reason  called  magnetic. 

I         The  fijst  property  ia  polarity.     If  a  bar  of  loadstone,  < 
■J    bar  or  neeiUe  of  stool  that  has  been  rendered  magnetic,  ho,  I 


pniMMd  it  lU  -r^ntTT  «>  :hat  ii  wiH  swiii«^  iieiJy.  is  ^^vifl.  bt  Smd 
Uuit  -lae  "Oil  )iiiiiL.4  :4)  die  sorth.  jzid  "^i*  ynrxmaxB  ad  n  ^ 
«)uth.  Hie  -ni^U  'hibt  n<^iizxc  jjv  ^uiled  rfae  Txila  >]C  iv 
mai^KC.  .  .iH  :Uf  ;iiu!  'lui*:*  3ut  jl  Jil  pjxca  ^ii  the  wozid  aDOS 
•iirwtiv  "n  liiJ*  oiiirh  itar.  Ii  i;^  jxiracteti  ro  x  larzimt 
iwirii  railpil  "iiip  mi:mfni;  poie.  m  die  amric  resnma.  1!» 
•iiif«tr^ni:p  iHf.v.ten  ita  inuii-iiriun  :mii  die  rme  aurth  imfcii 
:«iniMii  die  'irv*ntmtt  It  dii*  masnec.  In  some  aara-if  dv 
worlii  it  Ih  '•'•^ry  •:)iiaL(ii'nibie.  Earo  aoTv  ouuiv  ioever  un 
we  -:«t  :hK  !n:i«p:<^:.  me  •md  )i  -iacii  viil  dtiii  laoinc  id  tk 
a«)rth,  'jiii  it.ittr  :■.!  "hi*  *)»irli.  Tie  ma:rnetic  tbr»  isoa 
emi  ji  'liifi-:v'nc  .n.  Junu'^^:.  I:  id  ^uppused  duLU  eiicii  jltdizi^ 
tf  it  w**re,  -jiinsai  or  ziordi  m;iipeTi^Tn  on  tine  iiiie.  dnsoaliC 
■outh  oifu^niHiHin  m  :he  odier.  Buc  as  izi  rlie  case  •>£  a  nu^ 
bar  anlfemiiji^  '^iectriirui  inducdLa.  :iie  opposire  forr^es  dre  .'hinh 
(tfAjuntjid  'UiW^^'\n  dii»  •»xrj:^niidea  or  pi.Les.  If  a  masnwli 
bent  iato  a  htn-.-jti-^iiDo  -;iuipe.  id  id  iret^nendv  Jone  mesM 
where  it  id  not  rei^aireti  ad  a  '^umpods*  die  rnro  endis  are  jd 
poavtfwed  of  prlarlrv,  and  exhibit  die  two  opposite  kiodii 
maf^etLsm.  In.  the  property  of  pGlaritv  <  not  pointing  xd  4 
north,  bat  ai^nuzniilaciim  of  opposite  forces  at  opDosite  ends^n 
at  on«i*^  trace  a  resf^mbbmce  between  magnetian  and  imiaai 
eieotricitj.  We  ■•hall  v^on  see  ftirdier  chat  nnder  oeraia 
cirJiiiirttanceM  eieetridry  may  "e  made  to  prr^diioe  masnetiA 
fiT  maijnttt.i.ini  to  venerate  electricity.  They  are  profcttc^ 
varifttiftM  of  -.r.r::  :itA  the  -anie  foroe. 

The  .5jecond  p:*>perty  of  the  majiniirt  is  the  power  of  attrartiBJ 
iron.  Either  pole  will  attract  or  even  lift  pieces  of  irtjiL  In* 
filinsfA  will  c]i:.-ttT  rocnd  and  cling  to  both  poles.  Tovsdi 
the  centre  of  d^e  magnet  litdo  or  no  attraction  exists. 

Attraf;tion  and  repniiion  of  another  magnet  id  a  third  bo- 
perty.  Two  p'.i.'-ed  magnets  being  brought  near  each  ote, 
the  north  p-A*:  of  ore  is  found  to  repel  the  north  pole,  but* 
af,tr?u;t  the  soudi  pole  of  the  other:  just  as  similar  hxA 
of  clf:ctrir;ity  are  mutually  repulsive,  and  opposite  kinds  at- 
tra<;tivc. 

A  fourth  property  h  the  power  of  causing  magnetism  If 
induction  in  a  piece  of  soft  iron.  A  piece  of  soft  iron  in  cot- 
tact  with  one  or  both  polos  of  a  magnet,  becomes  itself  i 
magnet  while  in  contact.  The  part  next  the  pole  of  the  in- 
ducing magnet  possesses  magnetism  of  an  opposite  nature  ti»f 
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part  furthest  traia  it  bos  ma^etism  of  the  same  kind  as  the 
pole  iteelf.  This  is  just  what  otieurs  in  ordinary  electric 
iaductioti  (see  page  446).  A  piece  of  soft  iron,  placed  trana- 
Tersely  acroes  the  two  poles  of  a  Lorse-shoe  magnet,  is  called 
tiie  armature.  This  armature  intenBifiea  and  angmente  the 
magnetic  power  of  the  poles. 

A  fifth  magnetic  property  is  the  power  of  rendering  Other 
iodies  magnetic.,  especially  ateel.  The  soft  iron  bar  is  a  magnet 
only  while  it  hangs  to  the  poles  of  the  pennanent  magnet ;  hut 
if  a  magnet  be  drawn  in  one  direction,  several  times,  aion^  a 
steel  bar,  that  bar  becomes  in  every  respect  a  permanent 
magnet  itself.  If  the  original  magnet  be  ilow  drawn  along 
tiie  bar  in  the  opposite  direction,  its  polarity  ia  destroyed, 
Bud  it  ceases  to  be  magnetic.  In  this  simple  mumci'  «teel 
needles  may  be  formed  into  perfect  magnets  by  meaaa  of  the 
loadstone. 

The  earth  itself  acts  on  the  needle  simply  as  a  great  mafi^et. 
It  is  thought  id  have  two  fixed  magnetic  poles,  one  to  the 
north,  another  to  the  south ;  also  two  other  poles,  towards  the 
nortii  and  aonth,  but  moveable,  or  liable  to  fluctuation.  In 
oar  latitude  the  ntsedle  points  daivnujardi^  as  well  as  north- 
wards, towards  the  north  magnetic  pole  of  the  earth.  The 
degree  of  thia  downward  inclination  is  called  tlio  dip  of  the  : 
needle. 

The  axis  of  a  magnet  is  a  right  lino  which  passes  bom  one 
polo  to  another.  The  tqtMtor  of  a  mo^aet  is  a  line  perpen- 
dicnlax  to  the  axis,  and  exactly  between  the  poles.  The 
naijntiie  meridian  is  a  vertical  circle  in  the  heavens,  which 
,  intersects  the  horizon  in  the  pointa  to  which  the  magnetic 
needle  directs  itsdf  wiien  at  rest.  The  direction  of  the  m.ig' 
nedc  needle  is  not  the  same  in  all  parts  of  the  world,  nor  in 
iLe  Home  place  at  different  times. 

These  poles,  in  different  parta  of  the  earth,  arc  also  difiirr- 
aitly  inclined  towards  n  point  under  the  horizon  ;  and  thongh 
.    Omtrary  to  each  other,  help  mutually  towards  the  magnet's 
attraction  and  suspension  of  iron. 

Heat  to  a  certain,  degree  dcsttttya  magnetie  power.     The 

,   earth,  being  a  magnet,  ii  c»pnbl«  of  causing  magnetism  In 

iron  nnder  ccrtAin  conditions.     If  a  magnet  be  heated  rpd-hoti 

and  again  cooled,  dthei  with  ita  south  pole  towards  the  north, 

jn  A  horiioutal  fontion,  or  wiUi  its  sontb  pole  downwards,  in 
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T"  -ill  "-•T  r1'.'.'r^i  fr:d  •:•■=■  b>ir  c^.i  ^r.  r-ther  frco 

:.i:  ^'r*  i-rT? ::  v.  rn:rr:;*^ble  to  the  purpcees  of  ni^- 
:.z.^.  s-'-i  tri~r'-l:r.^  in  unkEown  countrie?. 
:r.  ;.in '  ?r>.  ,::/!&/  ajj^^s  thus  of  magnetic  force  con- 
.-.  v.i*.  </!  jr^vity.     He  says,  "  The  magnetic  attm- 
tiou  is  r.o:  a^  the  tt.jxXV:t  attracted ;  some  bodies  are  attracted 
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more  by  the  magnet,  others  lesa ;  most  boilies  not  at  all. 
power  of  mognetisra  in  one  .■lud  the  sanio  body  may  be  inoreaa 
«id  diminished,  and  is  sometimes  fur  strojiger  for  the  quantity 
of  matter  than  the  power  of  gravity,  and  in  receding  from  tha 

K>"'"Tict  decreases  not  in  the  dupliuate,  but  almost  in  the  tripli- 
propoi'tioa  of  the  distance." 


The  Compass 


"o  conafruet  the  ^fariner's  Conipusg  it  is  only  necessary  tf 

ike  a  JoagnetiKi'dneRdle,  nicely  bulanue  and  place  it  in  a  rou) 

1,  having  a  card  or  paper  on  which  a 


l»x  eoTercd  with 
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2  points ;  thut  is  to  say,  tho  cirule  o 
)  32  parts.  Evsry  point  is  a  32nd  part  of  360°,  which  il 
equal  to  11^";  a  haJf  point  is  e4|ual  to  5"  37'  30"  ;  and  a 
quarter  point  equal  to  2°  48'  46".  North,  East,  South,  and 
West  are  termed  the  four  cardinal poinU. 

On  tho  edge  of  tho  box  two  pieces  of  brasR,  h  h  (fig.  3 
are  fixed  upright  in  a  circular  ling  a  a,  having  oblong  a] 
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tores  cnt  in  the  centre  tenncd 
Bght-Holes ;  a  fine  wire  or  hair  is 
steetohed  down  the  centre  of  one 
of  the  upright  pieces,  the  other 
haying  a  fine  f^lit  only  in  it,  then 
hy  applying  the  eye  to  one  aper- 
ture until  the  wire  or  hair  of  the 
other  passes  over  the  ohject  and 
the  centre  of  the  card,  the  angular 
distance  or  azimuth  from  the  mag- 
netic meridian  is  ascertained.  This 
arrangement  forms  the  azimuth  compass. 

The  place  where  the  needle  remains  at  rest  is  called  tfas 
magnetic  meridian.  At  Greenwich  the  niag^etic  mei^ian 
makes  with  the  astronomioal  an  ang^e  of  23^°  west.  Thii 
variation  from  the  direct  north  has  been  observed  to  be 
23^  4'  4S",  to  23°  24'  19'.  It  increases  westward  from  7  ax 
till  about  1  P.M.,  about  7;^'  of  arc ;  it  then  retnxxis  eastward  till 
about  11  P.X.,  about  8|'  of  arc.  This  is  called  the  varial6/» 
of  the  compass,  or  magnetic  declination  west  of  east.  l%e 
diurnal  range  in  the  summer  of  1846  was  15'  14'' ;  in  winter 
11'  53"  ;  and  for  the  year  13'  34" ;  it  was  smallest  in  January 
and  largest  in  September.  Going  from  London  and  proceeding 
west  on  the  Atlantic  Ocean,  the  magnet  is  found  to  attain  ite 
greatest  tendency  "towards  the  west ;  proceeding:  onwards  it 
returns  towards  the  north,  and  at  the  east  of  the  TJnited  Statea 
of  America  it  becomes  due  north,  and  further  westward  it 
becomes  east.  Going  from  London  to  the  east,  the  western 
declination  lessens,  a^d  at  the  eastern  part  of  Rnssia  it  is  due 
north ;  proceeding  further  east  the  variation  becomes  gradually 
more  easterly. 

If  a  piece  of  iron  be  balanced  and  afterwards  magnetized, 
and  placed  on  its  former  balancing  point,  it  will  be  found  to 
have  lost  its  previous  equilibrium,  and  the  north  point  will 
incline  towards  the  earth  about  70°.  This  is  called  the  d^  of 
the  needle.  Conveying  this  needle  towards  the  north,  the  ^ 
increases  until  it  becomes  vertical.  About  the  eqnator  there 
is  no  dip.  Towards  the  south  polo  it  dips  to  the  south  until 
it  becomes  vertical.  The  mean  magnetic  dip  for  1846  at  21 
hours  at  Greenwich  was  68°  58'  -6",  and  at  3  hours  68^  67*  -6". 
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The  Ma</netic  Pola. 

As  the  raagDctic  polea  which  attract  the  magnet  do  not 
correspond  with  the  poles  of  the  earth,  it  is  plain  that  the 
needle  cannot  point  due  north  and  south  except  in  those 
countrii*  where  the  magnetic  and  true  meridian  coincide,  and 
it  is  this  that  causes  the  Tariation  of  the  needle.  The  south 
magnetic  pole  ie  helieved  to  be  somewhere  about  latitode 
65°  south,  and  longitude  130°weat  of  London. 

Of  the  discovery  of  the  North  Magnetic  Pole,  Commander 
Rosa  writes,  "  We  reached  the  calculated  place  at  eight  in  tha 
morning  of  the  1st  of  Juno,  1831.  I  bcHcve  I  must  leave  it 
to  others  to  imagine  the  elation  of  mind  with  which  we  found 
ooradves  now  at  length  arrived  at  this  great  object 
ambition ;  it  uhnost  seemed  as  if  we  had  accomplishet 
thing  that  we  liad  come  so  far  to  see  and  to  do;  aa  if 
voyage  and  all  its  labours  were  at  an  end,  and  that  n<rthing 
now  remitinod  for  vs  but  to  return  and  bo  happy  for  the  rest 
of  our  days 

"  The  land  at  this  place  is  very  low  near  the  coast,  but  it 
rises  into  ridges  of  Sfty  or  sisty  feet  high  about  a  mile  inland. 
Wb  could  have  wished  that  a  place  so  important  had  possessed 
more  of  mark  or  note.  It  was  scareely  eentrarable  to  regret 
ilut  there  was  not  a  mountain  ta  indicate  a  spot  to  which  so 
much  of  interest  must  ever  be  attached  ;  and  I  couJd  even  have 
pardoned  any  one  amongst  us  who  had  been  so  romantic  or 
absurd  as  to  expect  that  the  magnetic  pole  was  an  object  as 
conspicuous  and  mysterious  as  tho  fabled  mountain  of  Sinbad, 
that  it  was  even  a  mountain  of  iron,  or  a  magnet  as  large  as 
JCont  Blanc.  But  Nature  had  bore  erected  no  monument  to 
denote  the  spot  which  she  had  chosen  us  the  centre  of  one  of 
lier  great  and  dark  powers 

"  The  necessary  observations  were  immediately  comment 
....     The  place  of  the  observatory  was  as  near  to  the  in. 
netie  polo  as  the  limited  means  which  I  posaessed  enabled 
to  determine.     The  amount  of  tho  dip,  as  indicated  by  my 
dipping-needle,  was  89°  59',  being  thus  within  one  minute  of 
the  vertical ;  while  the  proximity  at  least  of  this  poie,  if  not 
its  actual  existence  where  we  stood,  was  further  confirmed  ' 
the  action,  or  rather  by  the  total  inaction,  of  the  several 
sontol  needles  then  in  my  possessicm.    These  were  suspent 


fa)  tho  in<mt  drlicoto  manitcT  possible,  bat  thera  wu  notou 
rhich  Hhmrrfl  tho  slightest  effort  to  move  from  the  podlioa  in 
~^ich  it  was  pliu^d ;  n  fad  which  even  the  most  moilentdf 
rormcd  rondorB  must  now  know  to  be  one  which  prana  tiat 
»mtrt'  tif  attniction  lies  at  a  rarj  small  harizoDtal  (itataau. 
any. 

■■  Ab  soon  iM  T  had  satisfied  my  own  mind  on  this  sabjed,  I 
Bade  knoifn  to  the  party  this  grstifj-ing  result  of  nU  our  joiiit 
labours ;  and  it  was  then,  that  unid^  mutmil  coagratnUtiant. 
we  fixed  tho  British  Sa^  on  thospot,  and  tookposBe^ionof  fle 
North  Magnetic  Pole  and  its  adjoining  tertilory  in  the  name  of 
Great  Britain  and  King  William  lY.  We  had  abonilaitce  ef 
maUMials  for  building,  in  the  fragments  of  liniestoae  Oat 
covered  the  beach ;  and  we  therefore  erected  a  cairn  of  wnw 
inagnitiidi^.  under  which  we  buried  a  canister,  containing  * 
record  of  the  interestinj;  fact :  only  regretting  that  we  had  ml 
!  means  of  constroctins  a  pyramid  of  more  importance,  »4 
stren^rth  sufficient  to  nithatand  the  assaults  of  time  ai  rf 
1  Ea^iiimaiis,  Had  it  been  a  pyramid  as  Inrge  as  thatrf 
'  Choopi,  I  am  not  quite  sure  that  it  would  have  done  man 
than  satisfy  our  ambition,  under  the  feeling;e  of  that  excitiiig 
day.  The  latitude  of  this  spot  is  "CS'  17'',  and  ita  longitufc 
9iy>  44'  45"  west."' 

Some  time  before  this  actual  observation,  Profefeor  BatlD* 
had  distinctly  marked  the  atnation  of  the  North  Polo  as  cslcn* 
latcd  by  him  from  tho  rariations  of  the  needle  in  dlffennt 
parts  of  the  world. 

The  variation  of  the  needle  is  further  subject  to  a  gradnil 
change  through  time  ;  ivhon  lirst  known,  the  variatioij  as  ob- 
aerred  by  Norman  was  11°  15'  eastward ;  from  1657  to  16<3. 
it  pointed  due  north  in  London ;  it  then  began  gradually  gnjng 
to  tho  ■westward,  and  in  1815,  according  to  Colonel  Seaufiiy, 
it  reached  its  maximum,  being  24°  27'  18"  -westerly,  mnM 
which  period  it  has  been  gradiiaUy  decreasing-  Thus  it  wovli 
appear  that  the  magnetic  poles  are  not  stationary,  but  revolTe 
round  some  central  point  in  bo  many  centuries.  It  u  to 
explain  this  that  two  moveable  poles  have  been  supposed  to 
exist.  The  greatest  vnriatJonj  were  observed  by  De  Longlo 
between  Greenland  and  Labrador,  which  was  45°  west,  andf 
Capt.  Cook  in  60°  south  latitude,  and  02=  35'  longitude, 
it  was  43°  6'  cast  of  tho  geographical  meridian. 
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Magnetic  Ohaervatiiytia. 

The  ma^elio  variatjons,  and  more  oBpeciftlly  thoao  influen- 
cing the  meteorologic  changes  od  the  earth's  Biirtace,  receive 
a  large  amount  of  attention  from  Bcientifio  men  in  oil  jiarts  of 
the  globe.  The  Oovemmeat  haTe  caused  to  bo  erected  the 
Kojal  Observatory  at  Greenwich  for  niBgnetio  and  mclooro- 
logical  obsenration.  It  is  now  under  the  direction  of  Mr. 
GUiaher.  who  has,  at  a  vaat  amount  of  personal  labonr, 
reduced  his  practice  to  a  system,  and  succeeded  in  establishing, 
in  various  ports  of  the  country,  numerous  other  stations  for  mu- 
teorological  observations ;  all  are  in  daily  comraunicfltion,  luid 
the  results  are  conHidered  so  important  that  they  form  u  part 
of  the  quarterly  reports  of  the  Eeg^atrar-Goneral.  It  may  not 
prore  uninteresting  to  those  of  our  readers  who  are  able  to 
enter  into  details  of  a  somewhat  recondite  character,  to  be 
furnished  with  a  histoiy  of  tho  more  important  instruments  in 
daily  use  at  the  Greenwich  Observatory. 

In  the  year  1S36,  the  Astronomer  Koyal.  Mr.  Airy,  : 
mitted  to  the  Board  of  Visitors  of  the  Eoyal  Obsenatory,  i 
plan  for  the  erection  of  a  Magneticol  Observatory.  T 
qnence  of  the  interest  tnfccn  in  the  proposal  by  the  Board  ei 
Visitore,  the  building  was  erected  in  the  spring  of  183S,  a: 
it  was  put  to  a  practical  use  in  1839,  on  days  pro-aiTangd 
for  simultaneous  obsorvationa.  In  tho  Bummcr  of  1830,  Mr.^* 
Airy  recommended  to  Government  the  prosecution  of  a  aeries 
of  magnetical  and  meteorological  observations  here,  in  corre- 
spondence with  the  observations  of  Captain  Uoss  in  the  antarctic 
expedition,  and  with  the  observatories  erected  under  the  au- 
thority of  the  Board  of  Ordnance  and  tho  East  India  Company 
in  several  foreign  stations.  On  the  Government  assenting, 
iminodiatc  measures  were  taken  for  carrj-ing  out  the  plan. 

From  November  9, 1S40,  begins  the  series  of  observations 
which  is  properly  characteristic  of  the  Observutory.  BcgiJar 
observations  have  since  been  taken,  ivithout  intermission, 
except  on  Sundays.  The  regular  work  of  tho  establishment 
is  aa  follows.  At  every  even  hour  of  Gtittinjjcn  mean  timo 
(night  and  day),  to  observe  tho  position  of  each  of  ttte  three 
SUL^cts,  with  the  readings  of  the  thermometers  cnclo.'^d  in 
their  bones ;  the  height  of  the  barometer,  and  tho  wet  nnd  dij 
thenuometers ;  to  inspect  tho  electrical  instruments ;  to  n 


rflw  dirMtion  and  Mtimatcd  strength  of  tbo  wind ;  to  estimsti! 

L''!^  proportion  of  tho  aky  whith  is  coTered  by,  cloud,  and  to 

tiuto  Ihc  kind  of  cloud ;  to  observe  whether  there  be  difierent 

T  aiirrcntM  in  tbp  tttmoHphpre,  or  any  other  meteomlofrical  phraw- 

f  Bcna  worthy  of  note ;  to  observe  the  dew-point  four  times  a 

[  Bttj ;  to  observe  tho  inclination  of  the  magnet  to  the  faoriam 

B  (technicaUj  cal]»]  the  dip)  foor  times  in  tbo  week ;  to  take 

[  tDcessant  observations  of  tho  magnets  when  nurora,  or  mj 

[  fltlicr  oniisnal  circumstance,  seems  to  make  it  desirable;  to 

I  ebacrvo  continually  whether  the  electrical  instminents  an 

F  aSevtod ;   to  observe  the  three  magnets    at  intorvala  of  2J 

"  minntcB  during  twcnty-fonr  kours  on  one  ttrm-day  in  eaob 

month;    to  adjust  tho  papers,  Ac.  for  the  self-regiBtering 

anemometers ;  to  ascertain  the  quantity  of  rain  coUeotod  at 

four  different  heights  above  the  ground  each  day ;  to  make 

occasional  obsorvatJons  on  the  measures  of  balos,  coronie,  m 

glories,  the  decree  of  solar  and  tcneetrial  radiatlini,  I*     ' 

tensity  of  the  sun's  rays,  4c, 

Each  of  the  instnunenta  in  use  requires  to  be  a 
described. 

The  annexed  cut  (fig.  357)  represents  the  dedinatton-m 
It,  a  perspective  liew  of  the  magnet ;  6,  a  brass  frame,  carrying 
a  lens;  c,  a  brass  frame  carrying  two  plain  glasses,  betwoem 
which  is  a  cross  of  delicate  cobwebs ;  d,  the  lower  part  of  tbs 
Bnspension  apparatus,  with  the  torsion- circle  attached;  e,  t^ 
suspending  skein  of  silk  fibre,  which  rises  S  fpet  9  inches,  thea 
poEses  over  a  pulley  at  /,  and  then  over  another  at  g,  aadj 
then  attached  to  u  piece  of  leather  which  passes  do'  '' 
small  windlass  at  h,  used  for  raising  or  lowering  the  n 
i,  a  copper  bar,  about  1  inch  square,  used  to  check  tha  4 
tion  of  the  magnet.  \ 

The  magnet  is  n  bar  2  feet  long.  IJ  inch  broad,  and  i__ 
a  quarter  of  an  inch  thick.     It  ia  of  hard  steel  thronghont. 

Upon  the  croBS-hars  of  the  stand  rests  a  double  roctaagnhr 
boK,  covered  with  gilt  paper  on  the  interior  and  exterior  m^ 
of  both,  one  box  being  completely  enclosed  within  the  other. 
"Within  these  the  magnet  vibrates  freely. 

At  the  distance  of  eight  feet  from  the  centre  of  the  magnet 
is  placed  a  theodolite,  on  a  stone  pier  firmly  fixed  in  tk 
ground,  and  unconnected  with  the  floor.  The  telescope  of  the 
theodolite  is  generally  directed  teethe  croea  of  ccbwetm  carrM 


by  the  magnet,  which  therefore  i 

l^record  of  the  apparent  poaitiou  of  the  cross,  i 


Fig.  357.— The  Declii 


Magnet. 


cope,  will  denote  the  position  of  the  magnet  with  ri 
to  the  reading  of  the  divided  limb  of  the  theodolite. 

ITie  theodolite-telescope  can  be  turned  so  a^  to  observe  stars 
aa  they  pa^  the  north  astronomical  meridian  through  an 
opening  in  the  roof.  The  difference  between  the  reading  of 
ihe  theodolite,  when  directed  to  the  south  astronomical  meri- 
dian, and  its  reading  when  the  telescope  is  directed  to  the 
magnet,  when  corrected  for  disturbing  caufies,  to  be  alluded  to 
presently,  is  the  magnetic  declination,  or  the  inclination  of 
the  magnet  to  the  astronomical  meridian,  or,  popularly,  the 
variation  of  the  compass.  Great  care  has  boenbestowed  upon, 
determining  the  effects  of  each  piur  of  magnets  upon  the  third, 
and  thiH  effect  is  allowed  for  in  ihe  redactions ;  also  the  effect 
of  the  mean-time  clock  has  been  found :  csperimenta  have 
been  made  ujton  every  thing  near  the  magnets  that  could 
poBsihIy  influence  thom  ;  such  as  the  fire-grate  in  the  ante- 
room, the  bars  of  which  are  of  iron,  the  iron  about  the  electro- 
meter-pole, &p.,  and  when  such  influence  is  sensible  it  is  taken 

_toto  acconnt  in  the  reductions.     This  applies  to  every  magnet 

~^ttie  Obsorvatorj-. 

e  amount  of  the  magnetic  declination  is  found  to  be  dif- 
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feront  at  different  times  of  the  day,  being  greatest  at  about  I 
P.M. ;  the  north  end  of  the  magnet  then  moTes  towardBtiie 
east,  or  the  mag:nct  approaches  the  astronomical  meridian,  till 
six  or  eight  in  the  evening,  the  declination  at  the  latter  time 
being  about  ten  minutes  of  a  degree  less  than  it  was  at  the 
former  time ;  the  north  end  then  i^cedes  from  the  astronomical 
meridian  till  about  two  o'clock  in  the  mornings  and  moves  in 
the  contrary  direction  till  four  o'clock,  at  which  time  it  again 
changes  the  direction  of  its  motion,  and  approaches  the  astro- 
nomical meridian  till  six  or  eight  in  the  moming,  when  it 
again  Ix^ns  to  move  from  the  meridian.  Thus  the  diumal 
movement  consists  of  a  double  approach  to^  and  a  double 
receding  fix)m,  the  astronomical  meridian  every  day. 

The  mean  diumal  change  in  the  position  of  the  magnet  is 
about  14  minutes  of  a  degree  in  the  summer,  and  about  2 
minutes  less  in  the  winter ;  but  there  are  some  days  on  which 
the  whole  arc  may  not  be  more  than  three  minutes  and  on 
others  it  may  be  more  than  a  degree. 

Fig.  358  is  a  representation  of  the  horizowtdl-force  magnet^ 
viewed  from  a  position  south-west  of  it :  a  is  the  magnet ;  5, 
tho  mirror  carried  by  the  magnet,  with  the  screws  for  adjust- 
ment ;  c,  tlie  torsion-circle ;  d,  a  system  of  five  pairs  of  small 
pulleys ;  fy  e,  two  halves  of  a  skein  of  silk,  which  rise  from 
tho  upper  pair  of  pulleys  to  another  pair  of  pulleys,  7  feet  9 
inches  above  them,/;  then  over  the  pulleys  at  (/,  and  so  doTm 
and  over  a  single  large  pulley,  not  shown  in  the  drawing, 
whose  axis  is  attached  to  a  string  that  passes  down  to  the 
windlass,  the  handle  of  which  is  represented  at  h;  i,  a  copper 
bar  encircling  the  whole  magnet. 

The  magnet  is  of  the  same  dimensions  as  the  declination- 
magnet .  It  is  supported  by  a  broad  tripod  stand,  resting  on 
the  ground,  and  not  touching  the  floor.  The  stand  rises  11 
feet  5  inches  above  tho  floor,  carrying  at  the  top  the  pulleys 
for  the  suspension  of  the  magnet,  represented  at  j^  and  a.  The 
magnet  vibrates  in  a  double  rectangular  box,  similar  to  that 
in  which  the  declination-magnet  vibrates.  Part  of  the  south 
side  of  the  box  is  of  plate  glass. 

At  the  distance  of  8  feet  5  inches  due  south  of  the  magnet 
is  fixed  to  the  wall  of  the  east  arm  a  scale  of  numbers ;  these 
numbers  are  seen  with  a  fixed  telescope  directed  to  the  mirror 
which  the  magnet  carries.    The  telescope  is  fixed  to  a  wooden 
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tripod  stand,  ■whoso  feet  pass  through  the  floor  without  tonchinp 
it,  and  are  firmly  connected  with  piles  driven  into  the  ground. 


Fig.  358.— The  Horizonta] -Force  Mflgne:. 

Its  position  is  such,  that  an  observer,  sitting  in  n  chair,  can,  ' 
by  turning  hia  head,  look  into  the  telescope  of  any  one  of  the 
three  magnets.  This  magnet  is  placed  very  nearly  tranaverao 
to  tho  magnetic  meridian,  and  hold  there  by  the  diieclive 
power  of  the  two  halves  of  tbe  suspending  sliein  e, 
magnet  is  constantly  endeavouring  to  move  to  the  magneto 
jneridian,  or  parallel  to  the  declination-magnet  j  and  as  th" 
iBBpietic  power  increases  or  diminishes,  the  two  threads  c 
the  EUBpending  skein  become  more  or  less  twisted,  and  difTerenf 
numbers  of  the  scale  are  seen  in  the  observing  telescope,  irom 
wbich  the  variations  of  the  force  are  determined.  It  is  found 
that  at  about  noon  the  magnetic  force  is  least,  ae  the  magnet 
is  the  least  drawn  towarila  the  north.  It  then  moves  toward 
the  north  till  about  6  r.u ;  it  remains  nearly  stationniy  till 
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^rainiali,  and  {rom  this  the  Tanationa  of  the  vertical  forae  are 
dotermined.  It  is  found  that  at  two  o'clock  in  the  morning 
the  marked  end  of  this  magnet  is  leas  drami  downwards,  and 
at  four  P.M.  it  ia  more  drawn  down  than  at  any  other  time  in 
the  day. 

The  cut  (fig.  360)  represents  the  apparatus  at  the  tflp  of 
another  instrument,  called  tlie  electrical  pole:  a,  a  lantern  at 
the  summit  (the  lamp  is  always  hnrnii^);  6.  the  topper  tube 
on  which  tiie  lantern  slides ;  c,  dotted  Imes  which  represent  a 
cone  of  glass,  on  which  the  copper  tube  carrying  the  unihreUa 
A  above  is  fixed,  to  protect  the  glass  from  rain,  itc. ;  d,  a  wooden 
apparatus  enclosing  the  lower  part  of  the  cone  of  glass.  The 
lower  part  of  the  glass  ia  hollowed  out  andiined  with  copper, 
immediately  under  which  is  placed  a  lamp,  represented  in  the 
drawing  at  ?,  which  is  constantly  kept  bwrning  for  the  purpose 
of  heating  the  copper,  and  thus  keeping  the  g^ass  dry  ;  /  is  a 
wire  eommunic-ating  with  the  electrical  instruraents  in  the 
ant«-room ;  g,  g  are  iron  rods  upon  which  the  whole  appa- 
ratus slides  up  and  down. 

The  electrical  apparatus,  as  it  ajpoars  in  the  window  of  the 
ante-room,  is  represented  in  the  nest  cut  (fig.  3D1),  a,  the 
hook,  a  part  of  the  eonnexioa  of  the  conducting  wire  with  the 
apparatus ;  6,  an  umbrella  to  cover  tbo  opening  in  the  upper 
part  of  the  window,  through  which  an  upright  rod  passes, 
canning  the  apparatus  below ;  c,  r,  a  double  cone  of  glass 
supported  by  the  upper  part  of  the  window  by  hrackete  at  each 
end ;  d,  d,  lamiis  placed  nearly  at  the  end  of  each  oono  of 
glaM,  for  tlio  purpose  of  keeping  the  glass  dry ;  e,  a  collar 
weircling  the  glass,  anil  by  moans  of  the  vertical  rod/sup- 
porting the  hollow  copper  tube  g,  carrying  the  several  elec- 
trical rods,  which  can  be  moved  upwards  and  downwards,  and 
by  this  means  brought  into  connexion  with  the  electrical 
instrumcnt»  immediately  undemoath,  and  can  he  fixed  by 
iwrews  in  any  position  ;  h,  a  Bohnenburger's  single-loaf  pen- 
dent gold-leuf  electroscope,  and  a  pair  of  Zamboni'e  dry  elec- 
tric piles  (this  instniment  is  extremely  sensiblo  to  slight 
changes  of  electrical  excitation,  and  indicates  in  a  marked 
raiinner  not  only  the  presence  but  the  kind  of  electricity) ;  i, 
H  gnlvanomotor,  for  exhibiting  carrents  of  electricity  in  the 
atmosjihcre ;  X'.  an  instrument  to  measure  the  lengths  of  the 
cloctricol  spurks  ;  I,  another  dry-pile  appiu'stus  similar  to  h, 
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lilt  less  sensitive  ;  in.  in.  Mraw  (Jt-ctFomotea-e,    much-di 


Fig.  3(!0.— Tlie  Electric  Li^lit  Ap|iHP£tus,  &c. 
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ing  electrical  changes  in  tTio  atmosplier 


Fig.  361. 
«re  furnifthod  with  graduated  area,  tu  GStimate  the  amoont  of 
the  electric  force. 

Id  order  to  collect  the  clcctricitj',  a  lamp  is  constantly  kept 
boming  in  the  lantern  a,  fig.  360.  The  glass  cone  below  it 
being  kept  dry  is  a  non-conductor ;  therefore,  the  only  way 
that  the  electricity  can  escape  is  down  the  wire/,  and  so  to 
tlie  several  instruments  h,  i,  *■,  I,  m  and  m.  The  whole  appa- 
mtnit  indicates  changes  in  the  atmospberic  electricity  precedang 
changes  in  the  weather. 


6S2  ViBKKTIgS. 

Electric  sparks  are  frequently  obtained.     The  col" 
Bperk  18  blue,  and  frequently  violet  and  purple. 

The  method  hitherto  adopted  for  observing  the  indicatian  of 
these  instramects  haa  been  that  of  viewing,  through  a  fixed 
telescope,  the  di*'iBions  of  a  fixed  scale  reflected  by  &  plane 
mirror  attached  to  each  magnet,  Bnt  by  this  system  «' 
observation  a  vety  imperfect  Imowledge  of  the  nature  of  mag- 
netic changes  has  been  obtained;  and  as  it  has  been  deemed 
necessary,  in  magnetic  obaervatoriea,  that  the  observations  of 
the  various  inHtraments  should  be  made  at  intervals  of  at 
furthest  two  hours,  by  night  as  weU  as  by  day,  a  laboriwu 
duty  haa  devolved  upon  the  assistants ;  some  means  c^ 
enabling  these  instruments  to  record  their  own  changes  w«i 
long  an  acknowledged  desideratum.  With  the  aid  of  photo- 
graphy this  desired  object  has  been  attained,  and  an  ingenioiu 
instrument  for  applying  which,  constmeted  by  Mr.  Brooke, 
received  a  medal  at  the  ExhibitioE  of  1S51. 

By  Mr,  Brooke's  self- registering  apparatus  an  uninter- 
nipted  and  unerring  record  of  all  magnetic  changes  is  nmr 
maintained  at  the  Greenwich  Observatory.  ITiese  reniltl 
could  not  have  been  ajrived  at  by  personal  observation ;  to 
even  if  every  telescope  were  constantly  watched  by  the  ej«  of 
an  assistant  (which  would  require  a  very  numerous  Staff),  Ha 
result'!  would  be  liable  to  errors  of  obsemition  ;  and  oceaum- 
ally  the  magnetie  variations  are  too  rapid  and  transient  to  be 
continuously  recorded  by  any  observer.  We  may  further 
remark,  that  since  the  employment  of  this  apparatus  at  OreHi- 
wich,  the  number  of  assistants  in  the  magnetic  dcpartmont  hu 
been  reduced,  and  the  fatigue  of  night  duty  has  been  diapensri 
with  entirely. 

Magnetic  registration  is  one  of  the  most  useful  appHeatJAIM 
hitherto  made  of  the  beautifiil  art  of  photography.  Tht 
method  applied  tfl  each  of  the  magnetic  instruments  mayte 
thus  described:— A  concave  metallic  mirror  three  inohes  a 
diameter  being  attached  to  each  by  a  fi-amo  comprising  ill 
requisite  adjustments,  the  rays  of  light  from  a  lamp  orj^ 
burner,  placed  at  a  distance  of  about  two  feet  from  the  miirtt 
pass  through  a  small  aperture  in  a  metallic  plate,  and  faH  •* 
the  mirror,  whence  they  are  reflected  to  a  focus  at  a  cerbin 
distance.  The  source  of  light  being  fixed,  it  is  clear  that  tl> 
movements  of  the  focal  point  of  light  will  con-espond  wftt 
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those  of  the  magnet.  A  cylinder  covered  with  photographic 
paper  is  so  placed  that  the  point  of  light  may  fall  on  it.  The 
cylinder  is  carried  round  on  its  asia  by  clock-work,  and,  by 
the  combined  movements  of  the  point  of  light  and  of  the 
cylinder,  the  magnetic  curve  ia  self-traced  upon  the  sensitive 
paper.  The  photographic  process  has  abo  been  applied  to  the 
barometer,  and  to  the  wot  and  dry  bulb  thermometers ;  but 
the  mode  of  application  is  different  ironx  the  preceding,  the 
light  not  being  reflected  from  a  mirror, 

Aa  the  preparation  of  tho  sensitive  paper  used  in  these 
inetruraento  differs  somewhat  from  that  adopted  in  ordinary 
photographie  processes,  it  may  not  be  inappropriate  to  describe 
it.  The  paper  is  first  washed  with  a  solution  of  four  grains 
of  isinglass,  eight  of  iodide,  and  twelve  of  bromide  of  potas- 
dnm,  in  one  fluid  ounce  of  distilled  water,  and  dried  quickly 
by  tho  flre ;  a  considerable  quantity  of  paper  may  be  thus  pre- 
|KLred  at  once.  Previously  to  being  placed  en  the  cylinder,  the 
paper  is  washed  over  with  a  solution  of  fifty  grains  of  nitrate 
of  silver  to  one  ounce  of  water,  which  conuunnicates  to  it  the 
requisite  degree  of  sensibility.  After  having  been  in  action 
tar  twenty-four  hours,  the  paper  is  removed  fix>m  tho  cylinder, 
and  the  impression  developed  with  a  warm  solution  of  twenty 
gTBins  of  gtdlic  avid  to  one  ounce  of  water,  with  a  small  addi- 
taon  of  tho  ordinary  commercial  strong  ncetio  acid :  this  is 
subsequently  lised  in  the  usual  way  with  hyposulphite  of 
soda. 

The  principle  of  the  photograpMc  part  of  the  apparatus  is 
shown  in  the  annexed  cut  (fig.  362),  in  which  a  reprcsenta  a 
part  of  a  bar  magnet ;  b  a  concave  mirror,  resting  in  a  stirrup 
firmly  attached  to  the  suspension  apparati»,  the  whole  being 
supported  by  a  single  thread ;  e  a  blackened  glass  cylinder, 
■wnippcd  round  with  photographic  paper ;  d  a  plano-convex 
fens ;  i;  a  lamp  placed  a  little  out  of  Uie  line  which  joins  the 
OKitrce  of  the  cylinder  and  magnet.  In  operation  a  pencil  of 
light  pasfles  from  e  through  a  very  narrow  slit  or  aperture, 
^verges  and  spreads  over  the  mirror  6,  from  which  it  is  re- 
flected, and  diverges  to  tho  lens  (/,  and  is  condensed  into  it 
well-defined  spot  of  light  at  the  surface  of  the  paper.  The 
action  of  this  spot  upon  the  photographic  pa|>er  is  to  leave  a 
trace,  which  is,  however,  imperceptible,  until  removed  atl4s 
developed  in  the  manner  pointed  out. 


A«  the  wholu  of  Uie  Buspenaion  apparatus  is  finnly  flxdd 
togetlicr,  tLoiiiiiTor[Hirtiikeeof  cTery  moTcraent  of  tiie: 
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Fig.  062. 

and  reflecting  the  spot  of  light  to  different  parts  of  the  pi^, 
according  to  the  commimicated  movementa,  causes  the  photo- 
graphic action  created  by  the  spot  to  become  a  record  of  B* 
movements  of  the  magnet  with  whioh  it  is  identified. 

The  undulations  in  the  trace,  when  developed,  are  in  SMd 
accordance  with  the  deflectian  of  the  magnet  to  the  right  sod 
left ;  a  period  of  rest,  during  which  time  the  spot  remaau 
etationary,  being  indicated  bjan  undcviating  line,  the  coB' 
tinuity  of  which  remains  unbroken,  as  the  cylinder  is  placed  in 
gear  with  a.  chronometer  by  means  of  tbe  winch-iron  at  ft* 
end,  resting  in  the  hand  of  the  chronometer,  forked  for  ib 
reception,  wliich  revolves  once  in  twelve  hours. 

VHien  we  consider  that  our  health,  and  even  life,  depiad 
upon  the  weather,  that  storms  arise  and  wreck  our  vesseb,  thll 
heavy  rains  inundate  our  Lands  and  damage  or  destroy  Oin 
crops,  that  in  an  island  striving  to  make  the  most  of  tile  soli 
and  vying  with  the  world  in  its  manufactaries,  and  in  a  popu- 
lation far  advanced  in  scientific  knowledge  in  all  its  braadiM, 
and  studying  tbe  best  means  of  preserving  life  and  health,  and 


of  attaining  domestic  oomforla,  it  is  not  to  be  wondered  at  that 
meteorology  ia  now  attracting  considerable  attention.  Pro- 
bably the  reason  this  study  haa  been  hitherto  much  neglected 
ia  owing  to  the  fact,  that  weather  changes  being  variable  and 
unaccountable,  we  are  apt  to  think  it  impossible  to  find  out  the 
lawB  which  govern  them,  and  perhaps  even  to  doubt  the  exist- 
ence of  such  laws.  That  laws  do  exist,  as  powerful  as  those 
which  connect  our  earth  with  the  sun,  there  cannot  bo  a  doubt. 
■Were  there  no  laws,  we  should  be  parched  with  thirst,  or 
deluged  with  rain — scorched  by  an  overpowering  heat  of  the 
sun,  or  frozen  to  death  by  exceatiive  frost.  Storms  of  wind 
would  tear  up  our  largest  trees  and  hurl  down  our  noblest 
buildings ;  or  the  air  would  remain  Immoveable  and  stagnant, 
ceasing  to  carry  off  the  poisonous  exhalations  from  our  towns. 
As  it  is,  however,  wo  have  a  certain  range  of  temperature  and 
pressure ;  rain  will  always  fall  to  a  known  extent,  yet  never 
exceed  a  certain  limit ;  the  air  cim  never  be  very  long  at  rest, 
and  the  velocity  cannot  extend  beyond  an  ascertainable  press- 
ure. Even  the  clouds,  of  which  nothing  can  be  said  to  be 
more  changeable,  obey  a  law,  by  which  the  earth  is  shielded 
in  a  greater  or  less  degree  from  our  winter's  cold  and  summer's 
heat.  Thus,  in  summer,  the  greatest  amount  of  cloud  occurs 
1  the  afternoon,  and  the  least  at  night ;  whilst  in  winter  the 
e  takes  place. 

Electro  -MagtM  tism . 
liloeophers  laboured  long  in  the  endeavour  to  trace 
btiona  of  electricity,  galvanism,  and  magni 
>titiier,  and  to  find  out  the  law  by  which  polarity  was  given  to 
steel  bars  by  means  of  electricity  ;  but  nothing  decisive  on  this 
aubjeet  was  discovered  until  the  year  1819,  when  Professor 
(Ersted,  of  Copenhagen,  announced  a  series  of  investigations 
that  have  formed  the  foundation  of  the  science  of  dectro- 
nmgnetism.     (Ersted  stated  that  if  a  magnetic  needle,  froe  to 
move,  were  brought  parallel  to  a  wire  conveying  electricity,  it 
wonld  leave  its  natural  position  and  take  up  a  new  one,  de- 
pendent on  the  position  of  the  wire  and  needle  to  each  other. 
If  tho  needle  be  placed  horizontally  under  the  wire,  the  pole 
•■rf  the  needle  nearest  the  negative  end  of  the  batteiy  will 
o  westward ;  but  if  the  needle  be  placed  above  the  wire. 
■  some  pole  will  move  eastward.    If  the  needle  be  placed  in 
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mM  btriaotUal  pUke  u  tlte  wire,  no  matSnn  fnk- 
in  t^t  fiaat,  bat  it  indiaw  Ut   %  mucml  m'  t-  — 
wire  u  ta  the  wtwt  of  Ike  aeedfe.  the  pole  im: . 
M^e  of  the  Udtcrr  i*  defOMMd,  but  wlirn  it  i- 
Mo  it  ia  e)eTBt«d.    From  thaic  pkenuiai--DA  a-.:  - 
that  the  nuifnctie  scdun  of  lh«  eWtri<at\-  nuiTod  in  u  iiMiiliir 
Bnumer  nnnd  tbv  tncdnfifaig  ol>j«<.-t.     A  nii-c  ttutl  runnectl 
tbfi  Iwo  extremities  of  a  roltdic  batterr  was  termed  by  (Eaui 
tbo  MayuDctirc  vire.  By  bnniniig  ihe  Dortb  pole  of  a  magmdiii 
needle  below  and  at  light  aii^s  to  ibe  platinum  win,  H  will 
be  n^lW,  but  if  oborc  it  attntctian  takea  place.     itvoK 
llie  pules  of  the  noodle,  and  tbe  ivsulte  will  he  reversed.     TTpoa 
this  dcflectian  of  the  needle  by  tbcToltaic  mrreDt  depkends  the 
working  of  tbe  modem  electric-  telegrapb. 

Prufeesor  (Ersted  laid  down  tbe  fullowing  formula : — "  The 
{lole  abovf  whicb  the  ne^tive  electticit)*  enters 
tbo  west ;  tbe  pole  tinder  which  it  enters  to 

Faraday  constructed  a  delicate  apparatus 
iwnsisled  of  a  vessel  nearly  full  of  mercui^- ; 
in  the  centre  of  the  bottom  of  the  cup  a 
eoppor  wire  a  ft  was  inserted,  a  cylindrical 
magnet  e  f  was  fastened  by  a  thread  to  the 
wire,  and  tbe  north  pole  of  th-e  magnet  only 
projected  above  the  mercury ;  c  rf,  a  con- 
ductor, was  inserted  in  tbe  mercury  exactly 
over  rt.  Tbo  wiree  of  a  battery  were  then 
attached,  and  as  the  cnireot  passed  through 
tie  mercury  from  ono  wire  to  another,  the 
magnet  rotated  about  it  If  the  positive 
ciUTtoit  descended,  the  rotation  was  in  the  J^i 
direction  &om  east  through  sonth  to  west ; 
but  if  the  current  was  made  to  ascend,  then 
the  direction  of  the  motion  wns  reversed,  ^'g-  StKl 

The  ingenious  experiments  of  Ampere  in  France,  and  Daij 
in  England,  at  length  showed  that  the  conjunotiTe  wire  bccDDK 
posBCffled  of  all  the  properties  of  a  magnet,  and  that  pieces  ct 
steel  placed  at  right  angles  to  an  electric  current  might  be 
magnetincd  to  a  degree  correspondent  to  the  amount  of  elec- 
tricity passed  round  them. 

Arago,  under  the  direction  of  Ampire,  fimned  a  helix  u( 
ire,  having  at  each  end  a  small  cup  of  mercury,  and  m 
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i  a  needlp,  it  became  instant]}-  magneti 


Fig.  3tH.  Fig.  Stm. 

TLuB  by  un  ulectric  current  wo  may  produce  magnetianS 
If  we  take  ii  piece  of  soft  iron  eomewhat  in  the  shape  i  ' 
horacfhoe,  then  tail  rounA  it    cotton  or  silk-corerert  coppet* 
wire,  tbe  ends  of  which  are  united  to  the  extremitios  of  a 
voltfuc  hatter)',  we  create  an  eltefro -magnet  of  enormous  power. 

These  magnets  are  temporary,  their  power  only  lasting  while 
the  electrical  current  is  pas^dng  through  Hie  wire,  in  this 
rettpect  soft  iron  differs  from  steel,  as  the  latter  acqnires 
raagnetiam  more  slowly,  and  retains  it  after  the  exciting  cause 
has  ceased.  The  cotton  or  silk  wound  round  the  copper  wire 
is  to  insulate  it  throughout  its  ooursc.  A  magnet  has  been 
Ibrmed  on  this  principle  capable  of  sustaining  upwards  of  ono 
ton  dx  cwt.,  while  the  magnet  and  its  ooU  were  not  more  than 
35  lbs.  weight.  A  magnet  exhibited  in  London,  at  an  eighth  _ 
of  an  inch  distance,  attracted  iron  with  a  force  of  1344  It 
and  required  more  than  two  tons  force  to  separate  it  when  1] 
ccmtact. 

One  peculiarity  attends  the  electro- magnet,  which  it 
slthough  it  is  capable  of  sustaining  this  immense  weight,  its 
attrRotive  power  extends  but  a  short  distJinco. 

IHtetro-Matioit. 
The  discovery  being  mode  that  magnets,  alnios   illimitable 
in  power,  could  thus  easDy  be  constructed,  attention  naturally 
was  given  to  their  application  as  a  motive  power.     The  ad-  _ 
vantages  of  such  a  power,  in  certain  respects,  over  steai 
aelf-eridcntifrom  its  noiseless  action, portabihty, safety  and  wa^ 
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tioUability.  Pn)f6§8or  Jacobi,  asaiated  by  the  Russiiui  govwn- 
mdiit,  succeeded  in  propellmg  a  boat  apoa  the  No\&  at  a  fate 
BorpasBing  tliat  obtamcd  in.  the  first  attempts  at  Bteam  navigl- 
tion.  In  hitf  experiments  in  1S39  he  had  a  boat  28  feet  IB 
length  and  7  j  in  width,  which  drew  about  3  feet  ■water,  Tffi 
persons  were  on.  hoard,  and  the  paddles  were  moved  by  on 
engine  worked  by  a  Grove's  battery  of  64  pairs,  each  platmnni 
p]ate  having  36  square  inches  of  surface.  The  speed  attained 
was  fcmr  miles  an  hour.  The  Bussian  philosopher  has  applied 
the  same  power  to  various  machines,  but  not  yet  with  decided 
success. 

Mr.  Bobert  Davidson  attempted  in  1842  its  application  to 
railway  locomotion,  and  succeeded  in  propelling  a  oarriaga 
weighing  five  tons,  at  the  rate  of  (our  miles  an  hoar  on  the 
Edinburgh  and  Ulasgow  Railway. 

Mr.  Davenport  and  Professor  Page,  in  America,  have  made 
several  attempts  to  accomplish  the  motion  of  machinery  b; 
electro -ma^etism  in  lieu  of  steam.  The  latter  is  said  to  hare 
constructed  engines  of  considerable  power.  He  also  worked  a 
printing-machine  of  four  horse-power,  and  a  trip-bammw 
which  he  controUed  at  a  slow  or  rapid  speed  with  Uie  utmod 
facility. 

An  ingenious  Danish  gentleman,  named  Hjorth,  took  out 
patent  in  1849  for  an  electro- magnetic  motive  engine.     It  W» 
often  horse-power,  and  one  of  the  electro-magnets  ^vas  capshk 
of  supporting  5000  Iba.  weight ;  at  a  distance  of  ono-cighUmf 
an  inch  its  attractive  force  was  equal  to  1500  lbs. 

Although  many  scientific  persons  maintain  the  impossitali^ 
of  its  superseding  steam,  we  would  advise  some  caution  in  soA 
assertions ;  for  it  must  be  remembered  that  ^beo  it  was  fiat 
suggested  to  hght  towns  with  gas,  tho  greatest  chemist  of  ibe 
time,  Davy,  recommended  the  company  as  an  easier  methodaf 
accomphshing  their  object,  to  cut  a  slice  off  the  moon.  As  to 
oceanic  steam  navigation.  Dr.  Lardner  proved  to  the  £iitU 
Association,  most  satisfactorily,  its  uttor  impracticability  in  * 
commercial  point  of  view.  Stephenson  was  laughed  at  by  k 
learned  Quarterly  Eeviewer,  when  he  ventured  to  state  that  ta 
could  move  carriages  on  railways,  by  locomotive  power,  si  • 
rate  of  twenty  miles  an  hour.  Yet  all  these  objects  arc  fiUlj 
attained. 

The  motive  power  of  electro -magnetism  has  been  mo5l  sub* 


[  mny  be  produced  by  electri- 
tcTir,  and  magnetism  prodnra 


cesaftilly  applied  to  the  mechanism  of  timo-keepere.  Clocks 
are  now  found  in  action  at  the  principal  railway  stations, 
chronometer-makers'  shops,  and  telegraph  offices  in  the  king- 
dom :  many  private  eatabliahmcuts  have  adopted  them,  and 
find  they  will  go  better  than  the  ordinary  tiine-pioces,  that 
they  cost  but  little,  and  their  regularity  can  be  thoroughly 
depended  upon.  Greenwich  time  is  notified  in  London  by  the 
electric  baU-apparatua  in  the  Strand  and  Corahill. 
Magntlo- Electric  Mai-7iine. 

We  have  seen  that  magnetisn: 
city.  The  converse  also  may  cr 
electricity. 

Faraday  was  the  first  person  who  demonstrated  that  from 
ordinary  magnets  a  continuous  atream  of  electricity  coald  be 
produced.  In  a  variety  of  ingenious  methods 
he  rendered  this  plain.  He  had  a  curved  bar 
of  soft  iron,  around  which  he  wound  600  feet  f 
of  copper  wire,  leaving  the  end-)  bi^ ; 
ends  of  the  wires  he  connected  with  a  delicate  \ 
galvanwnetcr ;  on  bringing  the  ends  of  the  \ 
soft  iron  in  contact  with  the  ends  of  the  mag- 
net, he  obtained  the  usual  indications  of  the 
presence  of  electricity;  and  on  breaking  con- 
tact the  needle  was  again  deflected,  but  in 
the  opposite  direction.  M.  Hipolyte  Pirii. 
of  Paris,  followed  np  the  discovery  of  Faraday. 
■\rith  a  coil  of  3000  feet  of  wire  round  a 
enrred  bar  of  soft  iron,  which  bar  he  placed 
ve^  near  the  ends  of  the  permanent  magnet, 
BUd  causing  the  magnet  to  revolve  round  very  rapidly,  making 
and  breaking  contact  eveiy  time  the  poles  passed  the  ends  of 
the  bar,  he  produced  a  contina»us  and  rapid  succession  of 
brilliant  sparks ;  this  was  the  first  magneto-electric  machine. 
In  1833  and  1835  this  instrument  was  improved  by  Mr. 
Baxton,  who,  instead  of  causing  the  mognot  to  revolve,  had  a 
double  armature  which  turned  ronnd.  By  this  magneto-elec- 
tric machine,  represented  in  the  accompanying  figure  (367),  a 
continuous  stream  of  electricity  may  be  produced  of  sufficient 
force  to  gire  violent  shocks,  to  melt  metals,  and  to  exhibit 
most  of  the  phenomena  of  s  powerful  voltaic  battery,     Tbo 
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principal  parts  of  the  inatmment  consist  of  a  strong  conipoiind 
peimanent  steel  magnet  a  b ;  and  two  combined  pieiiew  of  soft 
iron  ed  covered  with  helices  of  copper  wire,  and  fixed  on 
BSiB,  so  aa  to  rotate  in  close  proximity  to  the  eurfoces  of  ibe 
permanent  magnet.  A  multiplying -wheel  e  gives  rapid  rotai^ 
motion  to  the  soft  iron  armature,  the  ends  of  the  wire  rooiMf 
which  are  so  arranged  that  contact  is  made  and  broken?at  eael 
revolution ;  and  at  every  break  of  contact  a  current  of  eleclij- 
city  is  evolved. 


Fig.  367. — Swton'B  Magnrto-electrio  Uaolune. 

TIte  EUctric  TeUgrapk. 

Of  all  the  recent  achievemontB  of  science  the  Bieiotro-Mli^ 
netie  Telegraph  ia  the  most  wonderM.  By  it,  space  is  aBDt- 
hilated  and  time  beaten — light  is  out-distanced  in  the  swiflMrt 
of  its  flight — news  speeds  along  wires  buried  in  the  eartt. 
sunk  in  the  ocean,  or  stretched  on  poles,  telling  of  the  M  e( 
empires  or  the  fi^ht  of  kings,  the  price  of  stocks,  of  hilfti 
and  hanknipteies,  arrivala  and  departures,  accidents  and  wrecks 
crops,  robberies,  murders,  and  markets.  Friends  hundred*  of 
miles  distant  may  converse  ns  if  in  the  same  apartment ;  mij 
print  what  they  wish  announced;  may  write,  and  bv  thar 
hand  prove  their  identity.  Journeys  are  saved,  feelings  ai* 
soothed,  anxiety  is  banished,  and  safety  promoted  to  petacn 
and  property,  by  the  magic  of  this  estraordinaiy  inventioiL 


In  1748  Dr.  Watson.  Bishop  of  Llandaff,  iu  company  with 
other  scientific  peraona  from  Shoater'a  Hill,  kid  down  a  wire 
on  land  Find  through  water  more  than  four  miles  in  length,  and 
through  this  passed  the  electric  current  in  a  space  of  time  that 
oould  not  be  appreciated;  honce  he  conceived  the  application 
of  such  means  ta  a  syatem  of  conveying  Mgnals.  The  Bishop's 
Kxperimonts  were  repeated  on  the  continent,  and  in  one  instance 
through  a  circuit  of  twentj'-ais  miles.  In  1787,  M.  Lamond 
attempted  to  practise  it  in  France,  hut  his  plan  never  became 
popular.  Mr.  Ronalds  of  Ham  me  rami  th,  iu  1816,  exhibited 
a  telegraph  with  a  wire  eight  mjlos  iu  length,  worked  by  elec- 
tric clocks;  and  M.  Soramerring  inveated  a.  very  ingenious 
contrivance  for  telegraphic  purposes. 

All  these  inventions  were  truly  electric  telegraphs.  The 
current  of  voltaic  electricity  was  made  to  act  on  a  signaling 
machine  resembling  the  pith-ball  electrometer,  the  divoi^enee 
of  the  irith-balls  being  the  sign.  This  system  required  batte- 
ries of  high  power ;  it  was  liable  to  fallacy,  and  otherwise  incon- 
venient. 

Proliubly  this  boon  to  our  time — the  power  of  almost  instan- 
taneous correspondence — would  never  have  been  practically 
granted,  had  it  not  been  for  the  great  discovery  of  CErsted, 
already  mentioned.  He  showed  thitt  the  magnetic  needle  could 
be  deflected  by  passing  a  voltaic  current  round  it.  He  showed 
also  that  by  similar  means  a  rod  of  soft  iron  could  be  converted 
into  a  magnet  of  considerable  power.  Upon  these  two  discove- 
ries, but  especially  the  first,  the  construcldon  of  all  modem  or 
magnelie  ttlegraplts  depends:  and  when  they  were  made  known, 
the  invention  of  a  working  machine  became  comparatively  an 
ea^  thing,  a  matter  that  the  skilful  mechanician  could  solve 
irilliout  great  difBculty. 

A  battery  at  one  place — an  insulated  wire  stretching  to 
another  place,  .50,  1«0,  1000  milea  otl— at  that  place  a  mag- 
netic needle  (in  a  box)  round  whieh  this  wii-e  is  made  to 
pass  before  its  final  immersion  in  the  earth — another  needle 
on  a  dial  plate,  which  moves  or  heats  in  correspondence  with 
the  needle  within,  by  these  motions  or  beats  making  certain 
ngnals  or  letters — such  is  the  common  mngnetic  telegraph. 

The  conducting  wire  may  bo  hung  upon  poles,  carried  in 
tnbes  undergTonnd,  covered  with  gutta  pcrclta,  and  twist«d 
with  othe»  into  a  rope.     This  rope  may  be  sining  over  wires 
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at  the  bottom  of  Bens,  buried  beneath  fathoiuloss  oceaoa, 
e  the  mile-deep  water  is  alwavs  still. 

Nothing  but  engineering  difficultiee,  soon  to  be  overcome, 
impedes  tho  univeisality  o£  the  mighty  system.  Already 
Europe,  America,  India  are  covered  with  wirea.  Already  1^ 
the  submarine  tel^rapha  ive  are  placed  in  coianiunieutiou 
with  ali  Europe  and  with  Ireluai  The  chain  that  is  to  unite 
us  with  America  only  waits  the  laying  down,  and  another 
through  Turkey,  and  down  the  Euphratos  to  India,  is  preparing. 
Auatralia  only  is  left.  We  doubt  not  that  the  present  geuen- 
tion  will  soo  the  day  when  a  scheme  of  centraUzation  such  u 
legialatora  never  dreamed  of  may  become  a  sober  posaibiliQi — 
when  India  and  Auatralia  and  Canada  may  be  iiiled  aa  wdl 
from  London  as  from  Calcutta,  or  Melbourne,  or  Quebec ;  and 
villages  in  Africa,  but  five  miles  asunder,  may  he  practicaD; 
flirther  apart  than  we  from  our  antipodea. 

Dr.  Eitdiie  and  Davy  were  the  first,  a{'6er  the  dkcoveriwrf 
(Ersted  and  Amp^^re,  who  exerted  themselves  to  bring  the  ia- 
vention  to  a  practical  state  ;  but  it  was  not  until  1837  that  ti 
sTiccessM  method  waa  exhibited  by  Mr.  Alexander,  of  Edin- 
burgh, before  tho  Society  of  Arts  of  that  capital,  and  for  whidi 
he  took  out  a  pat«nt  in  tho  same  year.  It  was  in  the  form  of 
a  chest,  and  eonsiated  of  thii-ty-one  separate  wires,  for  the 
alphabet,  stops,  and  signals.  A  series  of  troughs  of  mercniT 
comniunioated  with  a  voltaic  battery;  a  series  of  hcyslilw 
those  of  a  piamrforte  were  provided,  iiaving  a  vrire  nm  under- 
neath each,  by  which  the  communioftlion  with  the  trough  <rf 
'mercury  eould  be  made ;  these  being  pressed  down  completed 
tho  oircuit  j  each  key  communicated  with  a  magnetic  needle, 
on  which  was  placed  a  screen  concealing  a  letter  -,  so  that  en 
the  depression  of  a  key  tho  current  passed  to  tho  according 
needle,  which  being  deflected  the  letter  was  nncovered;  « 
soon  as  the  contact  ceased,  the  letter  waa  again  hidden. 

Many  improvements  and  inventions  followed ;  and  at  last 
Professor  Wheatstono  and  W.  Fothei^ill  Cooke  brought  fbe 
matter  to  such  peifeetion,  as  to  cause  it  to  be  adopted  in  ooA- 
uexion  with  the  railway  system  of  the  kingdom,  and  to  becoutf 
a  valuable  addition  to  individual  and  national  liappinosa, 

Wewillnowshortlydoscribe  the  arrangements  adopted  in  tiifc 
which  in  one  of  the  best  known  and  at  one  time  the  most  widely 
used  telegraph  instrument,  premiaing  that  many  difTercoit  nu* 
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chines  aro  in  use  on  different  linee,  consisting  of  mnch 
niechanism,  though  dependingfor  their  action  on  Giin]iie  prui' 
oiplee.  In  the  great  system  of  sahteiranean  wire  now  laid 
down  hy  the  Electric  Telegraph  Company  throughout  the 
kingdom,  pecuhar  difBculty  was  at  first  experienced  from  a 
recoil  current  which  followed  the  current  on  which  the  message 
depended.  This  has  had  to  be  overcome  by  some  instrumojits 
ofaspedal  nature,  used  as  supplementary  to  the  telegraph 
machine. 

The  batteries  used  for  the  purposes  of  the  telegraph  are  the 
same  in  principle,  but  a  little  different  in  detail,  with  those 
we  have  already  described.  They  consist  of  a  strong  wooden 
water-tight  trough,  with  partitions  of  slate ;  the  iinc  and 
copper  plates  are  connected  by  slips  of  copper  to  which  thoy 
are  soldered,  and  which  slips  support  them  oa  the  slates.  The 
cells  are  filled  with  fine  sand,  saturated  with  one  part  of  sul- 
phuric acid  to  fifteen  of  water,  and  according  to  the  distance  is 
the  number  of  celle  roqiiired.  The  zinc  platea  are  first  amal- 
gamated by  Iea\-itig  them  for  a  short  time  in  a  solution  of 
bichloride  of  mercury,  hy  which  they  become  coated  with  mer- 
inuy  and  more  durable.  The  two  wires  from  the  opposite  ends 
of  tiie  trough  are  then  ready  for  use,  and  are  attached  to  the 
telegraph.  As  two  wires  only  aro  used,  without  return  wire,^ 
to  complete  the  circuit,  a  largo  piece  of  metal  is  buried  in  the 
earth,  to  which  a  branch  wii'e  from  the  telegraph  instrument 
id  attached,  or  it  is  fastened  to  the  water  or  gas  pipes  of  towns. 

The  earth  then  completes  the  eireuit,  rendering  a  return 
wire  unneoosBBry.  It  has  even  been  found  that  the  earth  has 
Bome  further  action,  not  quite  understood,  by  means  of  which 
it  increases  the  intensity  of  the  current  passing  through  tho< 

The  first  act  on  commencing  operations  at  the  electric  tele- 
graph instrument  from  either  station  is  that  of  ringing  a  bell, 
vhioh  is  performed  by  what  is  termed  a  striking  apparatus 
placed  on  the  top  of  the  instrument,  seen  in  fig.  36S,  where 
the  attendant  is  present.  This  apparatus  consists  of  an  armn- 
tnre  e  c  formed  of  soft  iron  with  sUk-coverod  fine  copper  wire, 
connected  togc^tber.  As  soon  as  the  current  of  electricity 
passes  into  them,  the  iron  bar  in  the  centre  of  each  becomes 
a  magnet.  At  a  little  distance  from  tliem  at  one  end  is  a  piece 
of  soft  iron  d  ;  this  is  attracted  to  the  magnets,  and  as  it  * 
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nttacLt'd  to  the  bent  lever 


the  lower  cml,  to  whidt 


tliore  is  a  catch  bnck^'ard.  by  which  motion  tho  pin  /  i 
leased.  The  wheels  being  at  liberty,  and  ncted  upon  by  a 
spring,  they  whiil  round  and  give  motion  to  a  hftmiuOT  thai 
atrikea  the  bell  g.  On  the  left  of  e  there  is  a  slight  sprin"  thai 
reants  on  the  lever  and  restorea  it  to  its  poeition  -n-lica  tb* 
attraction  of  tho  electro -magnet  ceases,  tmd  causes  the  oatcli 
I  again  to  hold  the  pin  /. 

\       As  aoon  as  the  attendant  arrives  at  tlie  dial  in  which  h» 
I  attention  is  called,  Ids  first  care  is  to  stop  the  noise  or  tht  bc!L 


that  kee^ffi  lingisg  untit  attended  to.  Oa  the  left-hand  aide  d 
the  dial-box  (fig.  368)  there  is  a.  hrase  handle,  by  turning^-' 
which  the  current  is  made  to  pass  to  the  wires  of  the  dial 
instead  of  proceeding  on  to  the  clock ;  then  the  attendant  re- 
plies with  a  signal  to  '•  go  on  "  or  "  wait "  (see  fig.  370),  which 
will  be  explained  presently.  i 

As  soon  as  the  voltaic  force  is  applied  at  one  end  of  thoj 


.— Tlio  Coiled  MagnetB. 


M,  it  is  sensibly  felt  at  the  other  end  ;  and  according  tu  ti 
a  in  which  it  amyes  at  the  instrument,  the  n 
B  moved  to  tho  right  or  to  the  left.     The  portion  of  tl 
ratus  which  indicates  this  is  termed  the  UUyrapk  gnlva 

magnetic  coila  are  made,  oonsisting  of  very  fine  silk 


covered  wire  H-  (fig.  3(10).  Thesa  are  pUccd  Terdnllj-,  ftsd 
within  is  ft  needJe  having  its  oorth  end  downwards,  cuBununi- 
eating  and  acting  upon  another  needle  h,  which  is  ootside  tfae 
dial  or  index- plate. 

The  handles  seen  in  fig.  369  turn  a  wheel  or  dnun,  by 
whicli  the  circuit  is  made  instantly  either  in  one  directinn  «r 
the  other.  This  appeara  by  the  deflection  of  the  oeedla  at 
both  ends  of  the  liiie  at  one  and  the  same  time.  If  the 
attendant  turns  the  handle  so  as  to  send  a  positire  cmrent 
through  the  wire,  the  needle  is  deflected  towards  the  ri^ 
hand ;  and  if  ho  turn  it  in  the  opposite  direction,  the  needb 
is  deflected  torrards  the  left.  Thus  the  movement  of  die 
nuedle  is  entirely  at  the  command  of  the  operator. 

Whenwewatch  the  working  of  a  tflegrapb,  and  see  the  EtUa 
delicate  needles  rapidly  move  slightly  to  one  side  and  tbcn  lo 
the  other,  and  are  told  this  is  caused  more  than  a  hundred  nubs 
distant,  and  hear  the  attendant  deliver  to  the  derk  ione 
lengthy  message  of  privat*  or  pubhc  import — w-e  wonder  bmr 
such  motions  can  be  so  interpreted;  yet  it  is  actually  thenuat 
easily  BCJjmred  alphabet  known  by  which  words  arc  spelt. 

When  the  needle  is  made  to  go  to  the  left  twice,  the  UXtti 
a  is  meant;  when  thrice,  the  letter  b  is  intended;  aid 
when  the  pointer  goes  first  to  the  right,  then  to  the  left, 
the  letter  e  is  expressed.  On  the  pointer  moving  to  tli«  cnv 
it  signifies  "  stop" — the  word  is  complete;  bnt  if  the  aUeai- 
ant  receiving  the  message  docs  not  understand,  he  makts  > 
return  signal  of  once  to  the  cross,  and  the  other  party  rcptfiU 
the  word.  As  each  word  is  received  the  attendant  acknow- 
ledges he  undeiBtands  it  by  pointing  once  to  the  letter  x  VO 
the  diaL  The  letter  n  is  signified  by  the  needle  first  going  U 
the  left,  then  to  the  right ;  k  is  one  motion  to  the  ri^ ;  I 
two  motions ;  and  o  three  motions  to  the  right,  and  ao  «a 
through  the  whole  alphabet.  The  technical  term  for  jh'^ 
motiona  is  heat.  For  "  res''  one  bent  is  mode  to  e;  onoe  tOB 
with  both  needles  to  the  right  signifies  "wait,"  and  twft 
needles  to  the  left  signify  '*  go  on." 

In  the  (ledHe  printiiuf-Uhprtiph  inked  types  are  bnmiAt 
into  contact  with  the  paper  by  the  force  of  an  electra- 

e  pertection  and  raindiQr  of  execution  are  surprini^ 

I  the  lines  where  they  are  employed  have  been  perfedlf 
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lie  cnpy'mij  electric  telrifrriph   (fig.  3~1),  inrented  by  ] 


Fig,  370.— Tha  Tndei. 
ft'C.  Bakewell,  ia  extremely  fomple.  The  meesages  to  bo  traB 
mitted  are  written  on  tmfoil  witli  sealing-wax  vandsh,  and  are 
then  applied  to  a  cylinder  on  Uie  transmitting  inatnunent.  A 
metal  sQ-le  connected  with  the  voltaic  battery  presses  lightly 
on.  the  writing ;  and  aa  the  cylinder  revolves  by  the  influence 
of  a  weight,  the  motal  point  is  carried  by  a  fine  screw,  on 
which  it  traverses,  from  the  top  to  the  bottom  of  the  lines  of 
writing.  Uy  this  arrangement  the  style  passes  several  times 
over  each,  but  in  different  parts,  of  the  letters.  The  receiving 
instrument  resembles  the  transmitting'  one ;  but  on  tho  cylinder 
of  that  instrument  paper  moistened  with  a  solution  of  pma- 
siate  of  potass  and  diluted  muriatic  auid  is  applied,  and.the 
metal  style  oonsistB  of  a  piece  of  fine  steel  wire.  The  electric 
current  from  the  positive  pole  of  the  voltaic  battery  ia  con- 
ducted by  a  communicating  wire  to  the  steel  point,  and  passes 
through  the  paper  to  complete  the  voltaic  circuit.  The  action 
of  tho  elcctricifrj-,  when  the  current  is  passing,  decomposes  the 
muriatic  acid,  and  the  steel  combining  with  the  chlorine  of  the 
2x^ 


acid,  a  JrixDiitiou  iif  iron  iaiua  pUce  on  Ut«  paper,  wludi  it 


istaQtly  converted  into  pnissian  blue  by  the  [ 


potass.  By  Hoe  arrangement,  therefore,  the  steel  point  of 
receiving  cyimder  draws  a  succession  of  bine  lines  spirallj-  ovd^' 
the  paper  when  the  electricity  is  passing  through  it ;  hut  when 
the  electric  cmrent  is  interrupted  by  the  varnish  writing,  over 
which  the  point  of  the  transmitting  cylinder  is  continually 
passing,  the  electric  current  is  moraentarOy  interrupted,  and 
the  marking  ccasea.  The  small  intervBls  caused  by  the 
tion  of  marking,  where  the  varnish  interposes,  produi 
exact  copy  of  the  written  moasago  on  the  paper,  the  letters 
appearing  nearly  white,  on  a  ground  composed  of  blue 
drawn  very  closely  tflgether. 

It  is  essential  to  the  success  of  the  process  that  the 
separate  instmments  should  rotate  exactly  together;  othei 
wise  the  receiving  paper  would  present  a  confiision  of  marks, 
instead  of  legible  writing,  for  the  different  parts  of  each  letter 
would  he  marked  irregularly.  To  produce  a  synchronous 
movement,  Mr.  Bakewell  has  contrived  an  electro-magnet 
regulator,  by  which  means  the  effect  may  be  produced  at 
whatever  distance  the  instruments  may  bo  apart. 

The  number  of  times  absolutely  requisite  for  the  point  to 
pass  over  each  line  of  writing  to  make  the  copy  legible  is  six  t 
but  when  the  screw  is  fine,  and  the  writing  largo,  the  point 
passes  over  a  greater  number  of  times  to  bring  out  the  forms 
of  the  whole  letters. 

The  rapidity  of  tho  process  depends  on  the  smallness  of  the 
writing,  and  on  the  velocity  of  the  revolving  cylinders.  The 
usnal  rate  of  working  is  one  revolution  in  two  seconds,  and  at 
that  speed  upwards  of  three  hundred  letters  per  minute  can 
be  transmitted.  The  practicability  of  this  plan  has  been 
proved  by  the  transmission  of  written  messages  between 
Brighton  and  London. 

The  advantages  of  this  means  9f  telegraphic  coramnnication 
are  stated  to  be,  entire  &eodom  &om  error,  as  the  messages 
transmitted  ore  facsimiles  of  the  original  manuscripts ;  authenti- 
cation of  the  communications  by  the  transmission  of  copies  of 
the  handwriting,  so  that  the  signatures  may  be  identified ; 
increased  rapidity,  and  consequent  economy  in  the  construc- 
tion of  telegraphic  lines.  The  secrecy  of  correspondence  would 
also  be  mainttuned,  as  the  copying  telegraph  would  afford 
peculiar  facility  for  transmitting  messages  in  eiphi  '  ** 
additional  means  of  secrecy,  the  messages  may  be  tranamil 
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invisibly  by  moisteDiag  the  paper  with  diluted  muriatic  acid 
alone;  the  writing  being  subsequently  readered  vieible  bj 
application  of  the  prussiatc  of  potass,  the  most  delicate  test  of 
the  preBeace  of  iron.  The  instantaneous  appearance  of  Hm 
trriting  on  an  apparently  blank  piece  of  paper  has  a  veiy 
curious  and  astonishing  effect. 

The  accompanying  illustration  (fig.  372)  bIiowb  tJie  form  ia 
'hich  the  vritii^  is  produced  at  the  distaat  atation. 
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wc&cuc 
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Professor  Wheatstone's  vMversal  telegraph  coneista  of  two 
parts  or  instruments,  the  telegraph  itself  and  another  tailed 
the  communicator.     This  telegraph,  with  all  the  apparatus 

■  for  -working  it,  is  contained  in  a  small  bos.  much  smaller  than 
a  lady's  work-box.  It  has  a  handle  like  that  of  a  barrel  oigsn 
in  front  of  it.  On  the  upper  Bur&ce  there  ia  a  disc  or  oloek 
face.  This  face,  instead  of  having  the  hours  marked  round  its 
circumfeTence,  has  its  thirty  equal  divisions  on  its  outer  edge 
marked  by  the  letters  of  the  alphabet,  three  stops,  and  a  ctoes, 
The  inner  row  baa  the  nine  digits  and  zero  repeated  twice. 
There  is  a  hand  like  the  hour-hand  of  the  clock,  which  is 
made,  by  the  mechanism  hereafter  to  be  described,  to  point  to 
these  letters,  stops,  or  figures,  at  the  will  of  the  operator. 
Bound  this  lettered  disc  are  thirty  keys,  like  those  of  an 
accordion,  which  can  be  depressed  by  the  finger,  one  for  efioh 
letter  or  sign.  It  is  not  much  larger  than  an  ordinary  ship^ 
chronometer.  The  eommunicator  ia  something  like  a  watch, 
a  httle  larger,  indeed,  fixed  on  a  stand  in  a  convenient  posi- 
tion for  observing  the  dial :  it  rests  on  a  small  stand,  which 
contains  the  apparatus  for  working  an  alarum  bell.  The  tare 
of  the  communicator  has  thirty  divisioiw  like  the  tele^^ph, 
■with  its  double  circle  of  letters  and  figures,  and  its  moveahle 
hand  or  index.  It  possesses  very  great  advantages  for  private 
purposes ;  it  needs  no  galvanic  apparatus,  with  eorrosive  grids, 

t-oor  does  it  require  great  akHl  in  its  preparation  for  use.  ■  Thort 
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are  no  fiimes  to  be  avoided,  no  trouble  and  risk  in  a 
mating  platea.  A  simple  coil  apparatus  aud  a  laagaat  e 
in  the  telegraph-box,  do  all  the  work  of  the  electrio-ariel, 
without  risk  of  getting  out  of  -order  or  being  deranged  by  a 
cliiinsy  hand.  Prof»rasor  'Whoatstone  has  discovered  that,  for 
moderate  distances,  say  for  twenty  miles,  hia  electric  road  only 
requires  a  copper  wire  about  the  thickness  of  an  ordinary 
piece  of  cotton  thread,  Thirty  aueh  wires,  each  covered  with 
a  thin  coating  of  india-rubber  and  linen,  can  he  combined  into 
a  cable  about  the  thickness  of  the  little  finger.  Thus  thirty 
private  electric  roads,  perfectly  insulated  from  each  other,  can 
bo  combined  in  one  rope,  not  Tery  much  thicker  than  the 
wires  now  used  for  electric  ways  along  the  aides  of  our  nul- 
ways.  This  marks  another  great  stride  in  telegraphy — the 
Buhstitntion  of  india-nibber  for  gutta  percha  as  an  insulator, 
Messrs.  Silver  and  Co,  have  succeeded  in  demonstrating  to 
the  best  telegraphists,  that  they  can  manufacture  an  india- 
rubber  insulation  for  wires  which  shall  make  us  independent 
of  the  constant  failure  of  gutta  percha  as  an  inanlator.  The 
insulation  of  india-mbber  is  not  only  superior  to  gutta  percha, 
but  it  resists  the  heat  which  would  entirely  melt  the  latter. 
We  rejoice  to  see  that  Professor  "Wheatstone,  who  took  aueh  a 
distinguished  position  in  the  introduction  of  the  telegraph, 
still  keeps  foremost  in  the  race  of  telegraphic  progress. 

Mr.  O.  B.  Smith's  eomic  electric  telfe/rajih  would,  no 
donht,  prove  on  amusing  and  iostractive  toy,  as  it  might  be 
used  to  illustrate  the  principle  of  magnetic  induction  to  chil- 
dren {fig.  373). 

The  action  on  the  eyes  and  mouth  of  a  comic  face  is  pro- 
duced by  three  bent  iron  hare  within  the  figure,  which  are 
rendered  magnetic  by  induction,  and  attract  either  of  the 
features  as  above  by  means  of  armatures  attached  thereto.  In 
addition  to  these  novel  aignalfl,  there  are  also  the  signs  — ,  -f , 
and  \ ,  by  which  not  only  all  the  letters  of  the  alphabet  are 
represented,  but  also  the  end  «f  each  word  and  sentence 
respectively  properly  indicated.  These  sigaals  aro  shown  by 
the  elevation  of  shutters  above  the  face.  As  each  bar  is  capa- 
ble of  being  separately  magnetized,  either  of  the  signals  can  be 
riiown  at  the  will  of  the  manipulator,  by  touching  the  ci 

Eding  key  in  front  of  the  figure. 
I  concluding  our  volume,  we  must  notice  another  triur 


iKind  devoted  to  ecientific  investigatioa,  and  t^ 

leat  of  the  doration  of  an  electrical  s 


Fig.  373. 

of  the  rote  of  its  passage  along  a  wire,  by  Professor  Witt 
stone.  By  an  ingemouBly  contrJTed  apparatus  he  proved  M 
the  duration  of  the  electric  spark  never  exceeds  a  millicsti 
part  of  a  second,  and  that  its  velocity  along  wire  is  288,(1* 
miles  in  a  second  I 

The  learned  philosopher,  to  illustrate  that  by  this  trnni 
light  an  ol^ect  in  rapid  motion  might  be  viewed  as  if  at 
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had  a  cdrcular  disc  divided  into  three  compartments,  on  whiofl 
he  p^ted  the  throe  primitive  coloura,  red,  blue,  and  yello-y  ' 
This  he  caused  to  revolve  with  great  velocity,  until  tho  three 
colours  appeared  nearly  white.  Ho  next  darkened  tho  room, 
and  threw  the  light  of  an  electric  spark  on  tho  disc,  when  the 
spectators  saw  the  coloure  as  if  th.e  disc  were  at  perfect  rest. 

Subsequently  Mr. Fes  Talbot  produced  an  extremely  sensitive 
prepared  piece  of  photegraphic  paper,  and  in  June  1851,  at  the 
Royal  Institution,  placed  it  in  a  camera  directed  to  a  printed 
paper  fixed  on  a  wheel.  The  wheel  was  turned  by  a  handle  until 
the  greatest  velocity  was  attained  that  could  be  given  to  it> 
The  camera  was  then  opened,  and  a  powerful  electric  battery 
was  discharged  in  &ont  of  the  whed,  illuminating  it  with  a 
sudden  flash  of  brilliant  light.  The  paper  waa  then  taken  out 
of  the  camera,  and  after  applying  the  developing  solution,  a 
distinct  image  of  the  printed  words  waa  found  treautifully  im- 
pressed on  ^  paper. 

Thus,  then,  ike  last  eonvnlsive  strain  of  a  Flying  Childera 
at  a  winning-post  may  be  caught  as  it  tmly  existed ;  or  an 
express  trmn,  moving  at  a  rate  beyond  muscular  powers  in  an 
animal,  or  more  speedy  than  the  wings  of  the  wind,  may  b  ~ 
transferred  te  a  photographic  plate  as  if  it  were  at  rest ; 
the  utmost  speed  that  can  be  given  by  man  is  but  rest  ii 
compariaon  to  the  Bight  of  electricity. 

What,  after  this,  is  the  most  brilliant  conception  of  t 
human  mind  in  the  re^on  of  imagination  ?  True  domonatrabl 
|ioetrr  exists  in  the  world  of  science. 


INDEX 


Aoocvnci,  212L 

Ictinkm  of  U«fat,  3ia. 

AetioDaod  metion,  46. 

jBolkn  bwp,  225. 

A£rtlbnn  bodiei,  nature  d,  14S. 

Aoronaotia,  188. 

Air,  aetiofi  of  comprwgd,  159. 

^  ooniPifi  wii  (rf^  150. 
— »,  eonofiMlion  ol^  16L 

,  deiMitj  oi;  152. 

,  daitidtj  oC  150. 

— -«iigiiiM»  192, 

,  Vmef%  201. 

»— ,  equal  piewme  oC  153. 

» expanaioti  d^  169. 

—  forcfng  pumpt,  161. 
gun,  1^ 

^,  preifiire  of,  on  solids,  155. 

'        •pump,  167. 

— — ,  teoiDCTatare  ot,  153. 

AiiVf  defect  of  ruion,  329. 

Aldini'f  experimental  498. 

Alison,  Dr.,  on  riiion^  325. 

An^  of  incidence  and  reflexion^  46. 

Animal  economy,  90. 

—  arteries  and  Teina,  94. 
—■^  electridtj,  497. 
Appold's  rotarj  pomp,  137. 
Archimedean  screw-pomp,  142. 
Amoa  (Dr.  NeU)  on  light,  290. 

on  the  human  fiiume,  89. 

on  language,  234. 

ArticulationB,  table  of,  233. 
Astronomical  ohsenratory,   instru- 

menta  used  in,  361. 
Atmosphere,  the,  147. 
Atmospheric  air,  ita  composition,  147. 
dock,  166. 

—  railway,  197. 


Atmospheric  enginea,  192. 

■        pre  STOIC,  153. 

— ^preMiiie!,efliBC^  oC  OD  tbeboihi 

pomt  of  water,  ld6u 
— ^  mle-drifing  marhine,  193u 

looomotifeB,  195. 

tender-box,  266. 

electricity,  463u 

Atoms,  2. 
Attraction,  4. 
^— of  adhesion,  13. 
,  diffnical,  3D. 

— ^' ?5Sf7'  ^\ 

— —  oi  coneaion,  o. 

of  graritatiooy  15. 

August   (Dr.)  on    the  magni^ 

power  of  telescopes,  360. 
on  the  magnifying  power 

microscopes,  379. 
Aurora  boiealis,  467. 

Bakewell's  printing  telegraph,  517. 

Balloon,  BeU's,  1^ 

Balloons,  189. 

Barker's  spotted  tube,  450. 

Barlow,  Professor,  on  the  comptt 

515. 
Barometer,  the,  173. 

,  aneroid,  177. 

Batteries  for  exploding  gunpowde 

492. 
Blasting  b^  electro-galvanism,  49C 
Bodies,  bnttleness  of,  9. 

,  density  of^  8. 

,  hardness  of,  8. 

,  malleability  of,  10. 

,  pliability  of,  11. 

,  tenacity  or  toughness  of,  D. 

,  velocity  of  fiilling,  44. 


Bodies,  oolonr  of,  315. 

Bridge's    {Mr.   Jolin)    method    of 

showing  dit&BctioD,  414. 
Britannia  Bridge,  raising  of,  118. 
Brooko'a  (Mr.  C.)  maguetie  self-re- 

giati^tion,  532. 
Bucket  miehine,  the,  134. 
Buneen  and  Kirohhoff'B  HnBlyria  of 

the  Bpectrnm,  414. 
BuDseii  B  graphite  buttery,  488. 

Caloric,  235. 


Color 


QHtar,  2 


Calotypa,  400. 
Camem  lucida.  39(), 

obecnra,  303, 

,  photogTttphip,  404. 

Capillary  attraction,  13. 
OapatoD,  the,  67. 
Carboaic  acid,  149. 
CentigTodB  thermonieter,  346, 
Centra  of  gravity,  23. 

,  in  the  humnn  body,  27. 

,  in  the  tower  at  S 

CentriiiigBl  force,  47. 
Centaipctol  force,  48. 
Chronooieter,  56, 
Clock,  Boyal  Exchange,  54. 

.  Stragburg,  56. 

,  ooiulruetion  of,  63. 

— ,  transit,  363. 
Clouds.  181. 

.  thunder-,  464, 

Colieeion,  attraction  of,  5. 
Cold,  2(J9, 

Collodion  process,  the,  401. 
Colour-bliudness,  3 If), 

dapendBnt  on  light,  315. 

,  hamiouioiie  Uwe  of,  308. 

Colour  of  soldien'  clothes,  317. 
Colours  of  bodice,  315, 
Compaas,  the  mariner'B,  519. 

,  ammath,  6:20. 

Opoaae's  (Ur.)  galvanic  eiperimenls. 


610. 

galvsoio  inat 

Oruickahiuik'B  gal' 
OrystolB,  form  of, 
,  property  of.  306. 


512, 


Daguerreotype,  the,  404. 
Daguerreotype  camera,  405, 

lenses,  406, 

Daltouism,  or  oolour-blindnesa,  316. 
DaiueU'a  battery,  486. 
D'Arcy'B  impressions  of  light,  333. 
Davy  (Sir  H.)  ou  heat,  237. 

on  the  Tollaio  heat  of  light,  494. 

DebiuBcopa,  the,  288. 
Dew,  182. 
Diamond,  7. 

.  pure  charwal,  8. 

,  Koh-i-noor,  7. 

DiathennancT,  267. 
DiTing-bell.  187. 
Ductility  of  matter,  10. 

Ear,  the  human.  221. 

trumpet,  219. 

Echoes,  220, 
Elasticity,  11, 
Eloctrie  light,  495. 

apparatus,  495, 

- — -  telegraph,  540, 

^^—  instrument,  644. 

. indei,  647- 

Bleetricily.  common.  440, 

,  nature  of.  442, 

,  two  foroua,  44'J, 

,  conduction  of.  444. 

,  induction,  446. 

,  frictional,  machine,  447- 

,  eiperimenls  in,  448. 

,  Barker's  spotted  tube,  450. 

,  pianelai-ium,  450. 

,  siring,  451. 

.  seMaw,  452, 


,  eleotroplloru^  450. 

, -,  Faradaj's,  467. 

,  Leydon  jar,  i>8- 

,  electric  discharges,  400. 

,  atmospheric,  462, 

,  Mr.  Crosse's  mode  of  collect- 
ing, 4li6. 

,  tube  for  observing  the  aurora 

borealis.  467. 

,  TOltiic  468, 

,  Gasiiot'a  eipenmente.  482, 


BloetHciQ',  HnimBl.  4i)T. 
KloctTo-imltuilD  gun.  4'J6. 
Elactroljcu.  475. 
EUtctM^ltugnetlani,  fiSfi. 

nupiHtfl,  697- 

Dugnetio  tniohfiw,  47S,  530. 

-  bla«tin;,  4811. 

-■-r,  the,  4M. 


9,14. 


1 


Sndoamoae  at 

Euphonui,  llie,  227. 

ElploiioD.  Toltaic  Diirrent,  469. 

fi;c.  the,  SIS. 

,  formation  of  imagM  in,  323. 

.  yerteiA  right,  326. 

,  imperfect,  or  ehort-Mght,  837. 

■  long  right.  328. 

,  examinatioD  of  inteiTOJ.  33a 

,  op»i«d  Bpertnim,  333. 

.  8mnmenng'ijoUow*pot,335. 

,  ringle  ririon  with  two,  337. 

Fshpanheif  s  thermometer,  345. 

Fkrada;  on  magneto-electridlj,  539, 

FaradsT's  plectra-magtu'tio  appa- 
ratus, 536. 

Fire-engine,  163. 

FIliRoT  (Renr-Admiral)  on  tho  ba- 
rometer. 170. 

Fliude.  elastic  and  non-elaMie.  105. 

issuing  from  oriflces,  120. 

,  perpendicular,  110. 

1  lateral  pressuw  of,  112, 

.  lerel  aurfare  of,  105. 

,  pcesBure  of,  eqos!,  109. 

meeting  oblique  aurfaoea,  126. 

Flj,  the  foot  of,  \5^. 

Force,  attractiTB,  16. 

,  centrifugal  and  centripetal,  47, 

48. 

,  wimpoBition  of  40. 

,  homogeneeis  of,  268. 

Forma,  flbrons  and  lamellar,  8. 

Foucault'e  (M.)  enienmeDt  to  show 
the  earth's  rotation,  59. 

Fountain,  portable,  160. 

Fnuinhofor's  bands,  31 1. 

Fulcrum  of  Che  arm,  83, 


Oalrsuic,    BuhmluyrfTi    appan^ 


.  mode  of  ooUecdiig,  185. 

Glasometer,  187. 

Oassiol^s  electrical  experimimlt,  41 

Olius.  eluticitv  a(  II' 

,  the  mulHpljing, 

Oraphite,  platiniaed  for  bMtaiy,  A 
OrsTitadon,  attraction  of^  44 
Gravitj,  centre  of,  23. 

,  apecific,  20. 

Greenwich  Obaerrstor;,  B7- 

Magnetic  ObaenatoTT,  sa& 

Orore'a  (Profeagor)  galranM  faiM 


243. 


the  decompositioD  of  in 


Oun.  the  electro-eolTsnio,  496, 
Gymnotua,  the,  509. 
QTTosoope,  tlie,  371. 


-,  absorption  of,  264. 
-,  atmospheric,  2^. 
-,  capaoitT  of,  284. 
-  causes  change  of  rtat 
-,  conduction  of,  253. 
-,  conyeotion  of,  257, 
,  Count  Bumfbrd'a  e^wto*nl 

■jn  of,  240. 

form  of,  ' 

It,  264. 

measurer  of,  244.. 

lature  of  235l 

radiation  of,  2$0, 


-,  them 


laion  of,  240.  _, 

luformof,  2ej;^_J 
^264.  M^M 

irer  of,  244  ^^^H 
eo£235L  ^^^H 
3on  of,  260.  ^^^H 
as  of,  238.  ^^H 
■otionof,  268.         ^^ 


Eerschel'a  length  of  rara,  3 
Holmes's  (Prof.)  electne  lifh^W 
Homogeneais  of  foroea,  26^ 
Human  frame,  meohanisia  oC  T9. 
Hunt's  ditision  of  1       '  "'" 

Hjdraulica,  120, 


nfDKT,                                                    ^^^^^H 

Hydrauiio  olook,  123, 

Li^t,  reflciiim  of,  283.                  ^^H 

nrfractiTO.  eheUwaof,2gS.  ^^^M 

Hydrogen,  149. 

Bhadow  of,  279.                    ^^H 

aom^  of,  276.                      ^^M 

apectnim  analyaea  of,  414.     ^^H 

,levBlofaiddB,10* 

theory  of  tbe  ray  of,  310.           ^H 

beUowB.  114 

tranamittad,  280.                               1 

paradoi,  114. 

riaion   defeotJTC   Uroiieb   re-           1 

fracHon,290.                       ■                   J 

presBUre,  120. 

Lightning,  463.                                 I 

prew,  110. 

for  raiaing  iLe  Britannm 

Luminous  bodice.  277.                   ^^^^H 

BridgB,  lis. 

^H 

Ioe.273. 

Magic  laDtern,  the.  304.                  ^^M 

IceLind  apar  ctyBtnlfl.  422. 

penpeotdve,  286.                    ^^H 

Indinnl  plane  the,  70. 
Inertia,  &. 

nuDal  obBorcHlor;,  361 . 

Iron,  eipousion  of,  by  heat,  241 , 

Magnetic  polos,  the,  ^21,                ^^^H 

observatiaua,  523.                  ^^M 

aiia,517.                               ^^M 

Magoetinu,  ite  diHioTer?,  512.       ^^H 

lBwaofmodon,38. 

Magneto-electrio  machine.  540.      ^^H 

Matter,  brittl«n«ea  of.  9.              ^^H 

,  burning,  302. 

,  donble  eoncavB,  207. 

denaity  of,  8.                        '^^H 

,  pUno-conCHTo,  ■JOT. 

,  double  conyei,  2He. 

ductibtTof,  JO.                     ^^H 

,pl«io-«>uvei,2913. 

elattiidtyof,  11.                    ^^H 

LBslie's  (rearing  eiperimenl,  271. 

birdneaa  of,  8.                    ^^H 

^  lOTer,  the,  61. 

inai^TitT  of.  3.^.                 ^^^^H 

IJebt  from  Stan,  3l.'i8. 

^^H 

,  fringea  of.  412. 

1     from  the  heaTenly  bodies,  292. 



^^ofagp^a                      ■ 

t    ,  how  cmitlod,  275. 

1   . ,inleriere>>oeof.408. 

,  Toune'a  theort  of,  412. 

,  ite  TefodU,  278. 

,  Kirehhott  and  Bunaen's  nppa- 

of  other  portioiu  of  the  anlmBl 

economy,  90. 

rotua.  414. 

_  ,  niBtter  as  related  to.  277. 

Mioroecope,  the,  373. 

■  ,  nature  of.  274. 

■ ,  polarized,  416. 

,  wkp,  380. 

g  - — ,  radiation  of.  17. 

558 


nn)£z. 


Mirron,  282. 
Momentum,  42. 
Motion  of  bodies,  57. 

,  composition  of,  40. 

—  of  projectiles,  50. 

of  ship  sailing,  125. 

of  the  sea,  130. 

and  forces,  33, 37. 

,  common,  33. 

i  relatiTe,  34. 
— -,  absolute,  34. 
— ,  rapid,  35. 

-,  slow,  35. 


-,  rectilinear,  35. 
-,  cunrilinear,  35. 
->,  uniform,  35. 
-,  accelerated,  35. 
-,  retarded,  35. 
-,  inertia,  35. 
-,  laws  of,  38. 
-,  reflexion  of,  45. 


1  reaction,  46. 

Muscular  power,  human,  88. 

Music,  223. 

Mural  circle,  the,  365. 

Negretti  and  Zambra's  maTtimum  and 

minimum  thermometers,  249. 
Newton's  spectrum,  306. 

,  on  vision,  331. 

Nitrogen,  149. 
Nobert's  (M.)  lines,  380. 

Objects,  dimension  of,  386. 

of  a  landscape,  381. 

f  impression  of,  on  the  eye,  332. 

Ophthalmoscope,  330. 
Optical  illusions,  333. 
Optics,  274. 

applied  to  lenses,  295. 

Oxygen,  149. 
Ozone,  477. 

Papin's  (Dr.)  digester,  157. 
Parker's  burning-lens,  302. 
Parsey's  air-engme,  200. 
Partington's  water-clock,  123. 
Pendulum,  51. 

,  compensation,  54. 

,  len^h  of,  52. 

• ,  motion  of,  calculated,  52. 


Pendulum,  Tibrations  of,  53. 

experiments,  58. 

Persian  water-wheel,  14L 

Perspective  magic,  286. 

Phantasmagoria,  395. 

Photo-galvanographic  process,  4S& 

Photographic  engraving,  402. 

Photography,  397. 

,  Talbotype  or  Calotype,  400. 

,  waxed-paper  process,  4O0. 

1  albumen  process,  401. 

,  collodion  process,  401. 

f  Daguerreotype  process,  404 

,  printing  by,  400. 

applied  to  magnetic  registm- 

tion,  532. 

Photo-lithography,  402. 

Planets,  the  illuminating  power  ci, 
277. 

Pneimiatics,  146. 

Pneumatic  trough,  185. 

Polarisoope,  Malus's,  425. 

,  Biofs,  426. 

,  Woodward's,  435. 

in  connexion  with  the  micro- 
scope, 438. 

Polarization  of  light,  418. 

by  the  tourmaline,  424. 

of  glass,  431. 

,  Faraday's  experiments,  431. 

,  circular,  431. 

,  Biot's  table  of  circular,  434. 

Positive  and  negative  pictures,  399. 

Prisms,  refraction  through,  304. 

,  dissection  of  a  ray  of  light  by, 

306.  ^       -e      . 

Projectiles,  motion  of,  50. 
Pulley,  the,  69. 
Pimip,  the  chain-,  134. 

,  the  screw-,  142. 

,  common  water-,  158. 

,  the  forcing,  161. 

,  the  centrifugal,  136. 

Pseudoscope,  Wheatstone's,  347. 
Pyrometer,  Daniell's,  244,  252. 

Rain,  178. 

Bainbow,  317. 

Rays  of  light,  analysis  of,  306. 

,  nature  of  the  sun's,  312. 

,  theory  of  the  ray,  310. 


■                                             nmrar.                                     Ssi         ^ 

Eflys,  hngth  of  HerBchcl's,  311, 

.red.  309. 

— ,  —  refracting,  342, 

BepitUoD,  31. 

Semacmd  (U.  Diibou)  od  aniiiul 

in  the,  344. 
StethoBcope,  the,  214. 

elKjtrifritT.  405. 

Sun,  influendo  of,  18.                             ^H 

Bosae'B  (Lord)  telcwope,  35a 

Sun's  raVB,  nature  of,  312.             ^^^M 

BoUtiou  of  earth  shown.  69. 

Syringes,  165.                                 ^^M 

Buhmkorrs  eleetro-magnetio    mi- 

^_ 

ohine,  579. 

Talbotype,  the,  400.                      ^^M 

Eumford's  (Count)  experiment*  on 

Tantalus's  cup,  ITa                     ^^^H 

h^roi. 

Telescope,  347.                             ^^H 

Butherford-a  thermometer,  248. 

,  Galilean,  348.                     ^^H 

,  Gregorian,  ail.                   ^^^1 

SaragOBss,  leaning  tower  at,  28. 

,  a  oheap.  348.                           ^^ 

&»le-b™n,  t^  tB. 

Sorew,  Ihe,  71. 

,  Herachel's,  352. 

Sea,  motion  of  the,  130. 

,  Lofd  Bosses,  353. 

SeMon'o  magneto-eloctriD   maohine, 

, ,  sectional  riew  of, 

640. 

356. 

Shadomi.  279. 

Ships,  sBiling  of,  125. 
8ig£t,327. 

,  magoifjing  power  of.  360. 

.  the  water-.  439. 

,  short,  327. 

Thermoiueterti,  244. 

,  long.  328. 

,  dofectiTB,  329. 

,  Eutherford's.  248. 

,  NoKfctti  and  Zambra's,  249. 

Siphon,  the.  170. 

^— ,  maximum,  250. 

,  Ihe  dipiring,  173. 

8me8{Mr. )  on  anfmal  eleotridtr,  5(M. 
Smitb'ti  oomic  electric  telegraph,  649. 

,  Centigrade,  246.                   ^^H 

Thunder-clouds,  464.                    ^^M 

Snow,  271. 

— -etomis,  465.                         ^^^H 

Snow  cn'Btak,  8. 

Sound,  -Ma. 

Time-hall,  Greenwich,  67.          ^^^^| 

,  musical,  22a 

Tolado-hlade,  the,  12.                 ^^^M 

,  warea  of,  217- 

Tooth,  structure  of,  77.              ^^^^H 

.  rellectod.  218. 

Torpedo,  the,  50^.                     ^^^H 

Sbecific  gwTity,  20, 

Torriceltian  Taeunms,  482.           ^^^^H 

Spectre  oF  the  Hartz  Mountaina  ajid 

ihip,2»4 
apecRiuii  analjais,  414. 

Transit  instnuncnt,  the,  3C2.         ^^H 

TelodtT.41.                                   ^^1 
of  filling  bodies,  44.             ^^H 

-S-,  the  »Ur,  30(i. 

.  length  of  coloured  raja,  311. 

Vision.  325.                                ^^^M 

Sp«Kh,  HiS. 

■ ,  Dr.  Alison  on,  325.          ^^^H 

Stan,  light  from.  308. 

. ,  erect,  326.                            ^^^H 

Steam  and  its  application,  203. 
Steam-engine,  the,  3)0. 

—  ■ .  impvrfeet,  327.                  ^^^^^| 

,  disordered.  333.                ^^^H 

,  Newoonieu's,  208. 

.  dngte,  337.                                       1 

St«l-r«rd.  the,  113. 

,  douh^  331.                                     1 

,  defeotire  from  rcfrBction,  2t«.        J 
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Vision,  atereosoopic,  228. 
ViMud  angle.  338. 
Vital  action  a  source  of  heat,  240. 
Voice,  human,  233. 

,  table  of  articulations,  233. 

Voltaic  electricitv,  468. 

battery,  471. 

decomposition,  475. 

explosions,  489. 

heat  and  light,  494. 

Volta*s  eudiometer,  243. 

Watdi,  construction  of,  56. 
Water,  pressure  of^  121. 
-dock.  123. 

,  flow  of,  in  channels,  124. 

as  a  motiTC  power,  128. 

,  machine  for  lifting,  132. 

-spouts,  468. 


>  -telescope,  439. 
--wheels,  135. 
•  -wheel,  Persian,  141. 
-,  horn-drum,  140. 


Wayes,  131. 


Way's  electric  light,  485. 
WeaOier-fflass,  the,  176. 

wisdom,  180. 

Wedge,  the,  72. 
Wedgwood's  pyrometer,  252. 
Wei^t»  18. 
Well,  artesian,  108. 
Westminster  Bridge  echo,  219. 
Wheatstone's   (Professor)  umveml 

telegraph,  550. 

stereoscope^  338. 

pseudosoope,  347. 

Wheel  and  axle,  the,  66. 
Windlass,  the,  67. 
Wind-mill,  the,  37. 
Winds,  nature  of^  182. 
WoUaston's  battery,  473. 
Woodward's  (Mr.)  solar  microscope, 

381.^ 

Young's  (Dr.)  theory  of  interference, 

412. 
on  aooustioB,  226. 


THE  END. 
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